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THE DOUGLAS PROJECT 


Chapter 1 

INTRODUCTION 

Two major tributaries, the French Broad and the Holston, unite just 
above Knoxville to form the main Tennessee River. Projects con- 
structed by TVA on these two tributaries made an important contri- 
bution to the war effort of the United States during World War II 
by making blocks of badly needed power available at crucial stages of 
the conflict. The Douglas project, whose name was derived from 
Douglas Bluff, located on the French Broad about 82 miles above its 
confluence with the Holston, controls a drainage area of 1,5-il square 
miles. 

The Cherokee project on the Holston River, only about 20 miles from 
the Douglas site, was the first of several TVA dams authorized under 
the World War II emergency program. It was constructed on an 
emergency basis in 16 months and established a major construction 
record. Later, Douglas was authorized by Congress on January 30, 
1942, and construction was started February 2. It was rushed to 
completipn on an emergency schedule and placed in operation in only 
13 months. The speed with which it was constructed, in spite of 
difficult foundation conditions and 4 weeks’ delay as a result of two 
major floods, is believed to be a new record for a project of this 
magnitude. 

The power plant has an installed capacity of 60,000 kilowatts and 
provision has been made for the installation of an additional 52,000 
kilowatts. Although operated primarily for power during the war 
emergency, Douglas forms an integral unit in the over-all system of 
water control projects in the Tennessee Valley, and imder normal 
multiple-purpose operation aids in reducing main-river flood stages 
and stabilizing low-water flows. 

The events leading up to the construction of the Douglas project 
illustrate the thorough investigation which preceded congressional 
authorization and actual construction of this project. As in the case 
of previous authorizations of emergency programs, this addition to 
the TVA system was recommended following a Nation-wide survey 
by the War Department, the Office of Production Management, and 
the Federal Power Commission. 

In 1936, in its report to Congi’ess on the unified development of the 
Tennessee River, the TVA Board of Directors pointed out that to 
provide for— 

complete and effective navigation and flood control on tlie Tennessee and Missis- 
isippi Rivers, dams to provide substantial storage on tlie Holston and ErencU 

1 
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Broad Kivers sEoiild be provided vrlien tbeir construction is justified. Prelimi- 
nary surveys indicate tliat a reservoir having a capacity of about 900,000 acrc- 
foet may be feasible on the French Broad River near Dandridge * * * ^ 

^ Tbe Unified Development of the Tennessee River System, Tennessee Valley Authority, 
March 193«. p. 23. 
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In 1939, the TVA in a report on the Chattanooga flood-control 
problem described the beneficial effects of increased storage capacity 
on tributary streams. One of the sites studied was the Douglas site.- 

Although recognized as a project that would control a drainage 
area substantially greater than that controlled by any other tributary 
project developed, under coiivStructioiij or availlible'for construction 
in the Tennessee Valley, recommendation for the construction of a 
multipurpose dam at Douglas was deferred by TVA because of the 
complex problems attendant upon the creation of a large reservoir 
on the lower French Broad. Above the site lay a fertile, populous, 
and prosperous agricultural region, long settled and highly developed. 
Well adapted to the production of vegetables, it contributed to the 
support of a sizable canning industry. Construction of the project 
would inundate over 15,000 acres of bottom land and would floocl or 
require the acquisition of some 18,000 acres of less productive lands. 

With the outbreak of war in Europe in 1039 and the entrance of 
the Nation into a state of emergency, the probable need for the imme- 
diate large-scale expansion of power-generating facilities was 
emphasized. To make readilj^ available the information on feasible 
power projects in the Tennessee Valley, the chief engineer prepared 
a report, Posstbilities for Hydroelectrie Development — Upper 
Tennessee Basin^ in which he stated: 

Develoiiiuent of tlie Douglas site on the French. Broad River would provide 
low-cost power but would result in the destructiuu of a prospei’otis agricultural 
area, and for this reason niiglit not be desirable. Where equal i>cssibilities 
exist without elimination of agricultural lands, the other possibilities should be 
developed first. 

Wlien the report was Igter revised, the Douglas development was 
described as — 'v 

one of the most desirable additions whicli can be made to the system for 
i:jo\vcr purposes only or for combined power and flood-control juirposes. 

Again its construction was not recommended because of the problem 
of complex agricultural readjustment that would arise with the flood- 
ing of the area. Therefore, when asked by the Office of Production 
Management in March 1941 to suggest wliat could be done to increase 
the continuous power supply in the Valley,® TVA described several 
possibilities but omitted the Douglas 

Although TVA’s primary reason ‘ ■ ‘i recommending the 

Douglas project when it did was the urgent need for p)ower in the 
defense program, as discussed more fully later, the x^Toject is not 
a war-born expedient. It was designed and constructed as a multiple- 
XDiirpose project, a unit in the long-range unified iilan for the 
development of the Tennessee Fiver system. 

Unified plan 

The Tennessee Valley Authority Act ^ provides for a 9-foot naviga- 
tion channel from the mouth of the Tennessee Fiver to Knoxville; 
the control of floods ; the generation of poAver incidental thereto ; and 
other related public benefits. In March 1936, the TVA submitted 


“The Chattanooga Flood Control Problem, H. Doe. No. 91, T6th Cong., 1st sess., 19S9, 
pp. 43-44. 

» Hearings before the subcommittee of the Committee on Appropriations, House of Repre- 
sentatives, 77th Cong., 1st sess., on H, J. Res. 194, pp. 6-S. 

^Tennessee Valley Authority Act of 1933, sec. 4 (j), see. 9a, 48 Stat. 58, 61, as amendecl 
by 49 Stat. 1075, 1076. 
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11354,400, 

548,200 

622, 800 

86, 000 

112, 000 

Alarsball -■> 

1910 

- -.do 

0 


(®) 

(B) 

(B) 

3, 000 

3, 000 

Xolichiicky, 

1913 

Nolichucky... 

(91 

(0 

(S) 

(B) 

(B) 

10, 640 

10, 640 

Watervilic 2 !^.. 

1930 

Big Pigeon 

200 

870 

60, 000 

124, 200 

0 

108, 000 

/I 08, 000 

Cherokee 

1942 

Holston 

175 

"16,760 

11297,000 

680, 300 

3, 254, 400 

60,000 

120,000 

SouthEolston. 

(--j 

South Fork, 

290 

1, 550 

105, 000 

90, 600 

5, 958, 000 

35, 000 

35, 000 



Holston. 







Wilbur... 

1912 

Watauga .... 

( 8 ) 

31S 

363 

25.000 

62. 000 

(9)- 

65,300 

(») 

3, 700 

(B) 

50, 000 

Watauga 

(23; 

i do - 

900 

3, 533, 000 

50,000 

Great Falls 2 :!.. 

.1 1916 

1 

i Caney Fork... 

92 

800 

150,000 

(B) 

(B) 

31, 860 

31, 860 


^ From cla-pest excavation on or near base line to roadway or deck. 

• ,.--■..".,1 ■•.'.'■11. A el. 

■ li'.- i:’. ■■ ■ '-i*!', r: ... 

■ ! !■ ■ . to mimmiim expected pool level. 

I At clearing line elevation. 

' Except daring drawdo-wn in advance of floods at main-river plants. 

- Head at maximum power storage level of tributary storage projects and average head at tributary run- 
of-rirer and main-river projects. 

3 Xo definite figitre available. 

I' 2 lifts. 

” '7 ' ;■ -.f -.rge conduits. 

■ ‘ 1,480 feet additional. 

to tile Congress a unified x>kn for the coordination of such aims and 
outlining the following main elements : 

1. Main river projects, comprising a low-Lead clam and major storage reservoir 
near the moiitii of the Tennessee for regulating discharges into the Ohio 
River, and a series of low-head dams with limited reservoir storage for 
M. -.rests. These developments further provide a 9-foot channel 
'■■■• ■ ,r. and the necessary lochs and power plants to utilize the 

na5-toot drop in elevation between Knoxville and Paducah, 
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in the Tennessee River Basin — June 1948 


Keservoir data and operating levels 


Log 

Size 

(feet) 

Maxi- 

mum 

lift 

(feet) 

Area at 
top of 
gates 
(acres) 

Total 
volume 
below 
top of 
gates 
(acre- 
feet) 

Useful « 
controlled 
storage 
(acre- 
feet) 

Lengths 
of shore 
line 
(miles) 

Back- 

^yater 

length 

(miles) 

Maxi- 

mum 

controlled 

pool 

level 

(eleva- 

tion) 

Mini- 
mum " 
expected 
pool 
level 
(eleva- 
tion) 

Average 

tail- 

water 

level 

(eleva- 

tion) 

Head s 

no X 600 

73 

261, 000 

6, 002, noo 

4, 010, 800 

2, 380 

184.3 

375 

354 

310 

47 

no X 600 

63 

46, 800 

1, 091, 400 

418, 400 

496 

52.7 

418 

408 

362 

50 

60 X 297 

8 

0) 

(8) 

0 

5 

2.6 

(6) 

(9) 

(^) 

(®) 

f 60 X 300 
\ 60 X 292 

} r)92 

15, 900 

562, 500 

52, 500 

154 

15.5 

507.88 

504.5 

414 

92 

' 60 X 360 

52 

68, 300 

1, 150,400 

347, 500 

1,063 

74,1 

556.28 

550 

507 

48 

60 X 360 

45 

70, 700 

1, 018, 700 

162, 900 

962 

82.1 

595.44 

593 

55T 

37 

60 X 265 


6, 750 

154, 400 

13. 100 

100 

39.9 

634 

632 

598 

35 

60 X 360 

55 

39, 400 

705,300 

329, 400 

810 

58.9 

. 685. 44 

675 

635 

45 

60 X 360 

70 

43, 100 

1, 132,000 

377, 6G0 

783 

72.4 

745 

735 

682 

56 

60 X 360 

80 

15, 500 

386, 500 

109,300 

368 

55.0 

815 

S07 

740 

70 



1, 123 

58 570 

35, 780 

31 

9.8 

1,280 

1,240 

840 

380 



6,280 

438, 000 

364, 700 

ISO 

22 

1, 526. 5 

l' 415 

1, 275 

254 



(9) 

'283 

(9) 

(®) 

1.6 

C») 

(9) 

(®) 

40 




7, 150 

247, 800 

229, 300 

132 

' 13 

1, 928 

' 1,860 

1,804 

(®) 



t. 900 

91,300 

33, 100 

IS 

7 

837.65 

Sin. 9 

724 

113 



(®) 

(9) 

(13) 

(0) 

0 

1, 106. 2 

i (9) 

H 843 

252 



606 

14, 440 

9,370 

24 

7 

1, 435 

1,413 

ni,119 

300 



3, 290 

197, 500 

183, OOO 

GO 

10 

1, 690 

! 1,590 

1,543 

147 



4, 290 

184, 400 

184, OOO 

106 

20 

1, 780 

‘ 1,640 

1, 611 

(®) 



40, 200 

2, SG7, 000 

2, 281, OOO 

800 

f IS 72 

}l, 034 

930 

826 

194 



541 

41, 160 

4, 090 

(®) 

1 n 56 

8 

1, 087. 5 

1, 079. S 

1 1*872 

213 



632 

35, 030 

7,260 

(®) 

10 

1, 276. 6 

1,263.6 

1,087 

132 



10, 070 

1,444,300 I 

1, 157, 300 

274 

29 

1, 710 

1, 525 i 

1, 278 

429 



2, 881 

158,304 ' 

133,334 

85 

(9) 

1, 939. 92 

3,863.0 ^ 

in, 275 

665 



1, 611 

138,577 1 

126, 042 

(”) 

4.6 

3, 012, 16 

2, 881. 0 

1^2,007 

975 



1,441 

70,829 ! 

67, 117 

(9) 

4.5 

3,491.75 

3,415.0 

2, 276. 6 

1,200 



31, 600 

1, 514, 100 , 

1, 419, 700 

556 

43.1 

1, 002 i 

920 

873 

129 



(S) 

(0) 1 

(tt) 

f») 

(®) 

(9) 1 

(») 

(®) 

34 



930 

16, 000 

8, 050 

(fl) 


i 

(®) 

f®) 

68 



340 

25,280 i 

20, 500 

(®) 

'5.5 

2, 258 

2,175 

‘n,397 

861 




31, 100 

1, 565, 400 

1, 473, 100 

463 

59 

1, 075 

980 

925 

144 



9, 100 

783,000 

660, 000 

241 

25 

1, 742 

1, 610 

1,490 

239 



61 

(0) 

405 

3 

1.5 

3,645.3 ' 

1, 638. 3 

1,585 

58 



7, 100 

677,000 

627, OOO 

117 

17 

1, 975 ' 

1,815 

1, 6.50 

309 



2, 270 

54, 500 

49, 400 

120 

22 

804.9 i 

762 

14 655 

150 


Reservoir silted. ^ 


17 Powell, 

18 Property of Aluminum Co. of America; operation coordinated with TVA system. 

19 Saddle dams, 3,670 feet additional. 

30 Privately owned plant. 

21 Saddle dams, 1,770 feet additional. 

22 Under construction. 

23 Not in Tennessee Valley, 


2. Tributary projects, comprising major storage developments to control the 
flow from the principal headwater tributaries of the Tennessee Elver. 
These projects afford means for substantial power generation and basic 
stream-flow regulation under multipurpose operation. 

Table 1 lists tlie principal physical features of water control proj- 
ects in the Tennessee Valley. Table 2 lists the installed and ultimate 
capacities of steam-generating plants in the TVA system October 1, 
1945. 


794091 — 49 - 



6 THE DOUGLAS PROJECT 

National defense 

The defense efforts of the United States placed a tremendous re- 
sponsibility on the Tennessee Valley for industrial expansion and 
l)roductioii. In 1940 Congress, anticipating a demand for a large 
continuous po^ei’ supply, had authorized TVA to initiate a supple- 
mentary }} 0 \Yer construction program including the Cherokee project 
on the Ilolston Elver, the Watts Bar Steam Plant, and the installation 
of three additional generating units in existing power plants. On 
May 27. 1041. the Pi’esident recommended that Congress appropriate 
funds for further expansion of the TVA power system, and on July 
10 construction of four dam and reservoir projects in the Hiwasse 
Basin and the installation of four additional generating units were 
authorized. ^ 


Table 2. — Steam plants in TVA system — generating capacity 


Project 

Plant capacity 
Aug. 1, 1946 

Ultimate plant 
capacity 

'NTasliville-— . . 

Kilowatts 

48, OOO 
40, OOO 

13. 000 
240, 000 

64, 000 

20. 000 
24, 380 

Kilowatts 

48.000 

40. 000 

13.000 
240, 000 

64. 000 

20. 000 
24, 350 


Parksville 

Watts Bar 

Wilson- 

Memphis (leased) 

0 small plants 

T otal steam 

449, 350 

449, 350 



Even while the second supplementary power program was under 
consideration, the need for additional energy to be available in 1943 
became urgent. The Tennessee Valley and adjoining regions had 
made great strides in industrial development in the few years imme- 
diately preceding the outbreak of World War II, and had become a 
center for the production of light metals and chemicals, industries 
dependent upon the availability of vast supplies of electric powder. An 
increased flow of material from the valley for the manufacture of air- 
craft and nimiitioiis Avas of vital importance to the Nation’s arma- 
ment program. The aluminum plants, chemical works, ordnance 
plants, and other defense^indiistries in the area were scheduled to 
reach peak production in 1943. Military requirements on valley indus- 
try would find the region deficient in power if greater expansion of 
generating capacity were not immediately authorized. Among other 
projects suggested for possible development, a hydro project on the 
French Broad Eiver was listed in a letter from TVA to the Office of 
Froduction Management on May 27, 1941. Eater, the Douglas project 
was more specifically recommended to the Office of Production Man- 
agement, although the problem of flooding valuable agricultural land 
was pointed out carefully. Contributing to the speed with which 
ouglas could be constructed and placed in operation were the imme- 
diate availability of a trained engineering and construction organi- 
zation and heavy construction equipment from Cherokee, favorable 
site eonditions, and sufficient volume of flow of the river to insure rapid 
t illing of th e reservoir. The major features of the Cherokee project 


« 55 Stat. 597. 
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could be duplicated at Douglas, siinidifyiiig design and |)rocurenientj 
and a BOjOOO-kiloivatt generating unit already ordered lor Clierokee 
and scheduled for delivery in March 19d2 could be installed in the 
Douglas powerhouse, making power available a year earlier than 
would otherwise be possible. There was no satisfactory substitute for 
the Douglas project in 1941. 

On August 28, 1941, in a letter to the Bureau of the Budget, the 
Office of Production Management stated : 

In the Southeast, the programs for production of aluminum, feiTosilicons, and 
chemicals require immediate expansion of the power facilities of the Tennessee 
Valley Authority. Even after taking account of the recently authorized program 
to increase the system capacity of TVA, the power demands of defense industries 
already under construction in the area exceed hy about 230,000 kilowatts of con- 
tinuous power the capacity now available or authorized. 

The immediate authorization of construction of Fontana and Doug- 
las projects and installation of additional downstream generating 
units was strongly recommended. 

The President on September lo, 1941, recommended that Congress 
approve a supplemental appropriation for construction of the projects 
proposed by the Office of Production Management.^ Hearings were 
held by a subcommittee of the House Committee on Appiropriations on 
October 1. Bepresentatives of Office of Production Management and 
TVA testified as to the urgent need for beginning construction of the 
projects for which appropriation was requested/ 

The subcommittee on October 8, 1941, reported the second supple- 
mental national defense appropriation hill for 1942 without an esti- 
mate for the TVA, upon wffiich action was postponed for 2 weeks.® 
The President in a letter to the chairman of the subcommittee expressed 
the hope that the committee would act promptly and favorably on 
the deferred estimate.^ 

On December 3, 1941, the House Committee on Appropriations re- 
ported the third supplemental national defense appropriation bill for 
1942. Douglas Dam was eliminated because, in the opinion of the com- 
mittee, it Avas controversial in nature, the need for the power it could 
l^roduce Avas speculatiA^e, and an equal amount of power could possibly 
be obtained from other sources.^® As H. B. 6159 the appropriation bill 
Avas ajDproved by the House of BepresentatiA^es on December 5, discus- 
sion of the TVA estimate was in the main concerned Avith the reasons 
for the elimination of funds for Douglas Dam.^^ 

In testimony given on December 10, 1941, representatives of TVA 
and the Office of Production Management urged the Senate suhcom- 
inittee to include an appropriation for the Douglas project in H. B. 
6159 and the Under Secretary of War in a letter filed with the subcom- 
mittee recommended favorable consideration of the request.^- How- 
ever, funds for the Douglas project were not restored; instead funds 
were approved for alternative projects and the amended House Beso- 


®H. Doc. 376, 77tb Cong., 1st sess. 

Hearings before tlie subcommittee of the House Committee on Appropriations on tlie 
second supplemental national defense appropriations bill for 1942, pt. II, pp. 12-78. 

® H. Kept. 1230, 77tb Cong., lat sess., to accompany H. R. 5788. 

0 Hearings before the subcommittee of the House Committee on Appropriations on the 
third supplemental national defense appropriation Mil for 1942, pt. 1, p. 574. 

H. Kept. 1470, 77th Con., 1st sess., to accompany H. R. 6159, pp. 24-27. 

■ - ■ ' . ’ V- .eoxd, 87 : 9496, 87 ; 948T-948S. 

12 ■ , the subcommittee of the Senate Committee on Appropriations on 

H, R. 6159. 
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liitioii was so reported to the Senate."^ Final efforts to secure inclu- 
sion of Douglas Dam in H. R. G159 failed. The bill passed the Senate 
on December 12 and on December 17 became Public Law 353.^^ 

On January 15, the President for the third time requested Congress 
to appropriate funds for beginning construction of Douglas Damd^^ 
In tlie 4 months that had elapsed since his first request, ^ the defense 
requirements of the Nation had, with the dramatic bombing of Pearl 
Harbor, been transformed into the requirements of total war. The 
demand for a tremendously increased supply of electricity to become 
available in 1943 emphatically called for immediate construction of 
Douglas Dam. 

The Douglas project was strongly recommended as an emergency 
power project because unique features of location and terrain made it 
the only project in the Tennessee Valley that could produce the block 
of powder required in the short time left in which the energy must be 
made available. As had been explained to Congress, the great drain- 
age area above the Douglas site would enable the reservoir to be filled 
quickly even in the driest years. Due to the similarity between the 
Douglas project and the Che: ■ t:. ■ yu •: ’ (he Holston River some 
20 miles away, many of the ; ■ i ■ ‘p- ' ■ , ' of the latter could be 

duplicated at Douglas. Construction equipment in use at Cherokee 
could be transferred to Douglas for earlier operation. These factors 
meant that 90,000 kilowatts of continuous power could be made avail- 
able by the construction of Douglas Dam in the critical summer of 
1943, given early approval of the project. The TVA chief engineer 
stated “there is no substitute project or combination of projects that 
can produce the equivalent quantities of power in the same time” as 
the Douglas project. 

Against these engineering determinations and the foreseen need for 
the potential energy from the Douglas project was the argument of 
economic dislocation of the area, a problem that became less complex 
as studies showed agricultural react] ustmeiits of the region could be 
accomplished without the difficulties first envisioned. With this argu- 
ment was the proposal that additional power requirements be fulfilled 
through the construction of projects on the upper Holston and Cum- 
berland Rivers and the expansion of steam generating facilities, a 
proposal which TVA engineering studies showed to be inadequate to 
meet the power demands within the required time limits. 

TVA recommended the construction of the project as the only way 
to place the region in a position to produce the war materials demanded 
of it, but the recommendation did not mean that TVA proposed to 
ignore the needs of the affected communities. TVA in all its dam 
and reservoir projects had accepted and solved the complicated prob- 
lems of readjustment, and although the Douglas problem was admit- 
tedly more difficult than earlier situations, there was no doubt but that 
with the cooperation of local citizens and institutions the required 
readjustment could be made. 

^ S. Rept. Ko. S94, 77th Cong., 1st sess. 
ron£rr,...iois!il Record, 87 : 9734. 

^7 : HUimj. 

J'l. IhM'. No. .‘ii;:;, 77th Cong., 2d sess. 
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Tlie Subcommittee of the House Committee on Appropriations did 
not receive testimony on the Douglas project at its hearings, January 
20, 1942.^'*' The record-on Douglas Avas already extensive, having been 
considered by the subcommittee on two earlier occasions. On January 
28, H. E. 6448, which contained estimates of over $12,000,000,000 for 
the War Department and $30,000,000 for Douglas Dam, was favor- 
ably reported.^® The urgent need for power from Douglas Dam was 
described and the unusual merits of the project Avere extolled, of 
the factors fit admirably into war production requirements for speed,, 
high out^Dut, and low cost.” The hazard of further delay was now 
clearly realized. 

On the same day that it was reported, H. R. 6448 was debated and 
passed without a dissenting vote.^® The same sAvift action character- 
ized the progress of the bill in the Senate. On January 24 it was 
referred to the Committee on Appropriations.^^ 

On Jaiiuar}^ 27 hearings on the bill closed — H. R. 6448 was sub- 
mitted to the Senate.-- “Our country is now at Avar,’’ the committee 
report stated, “and, notwitlistanding previous opposition to this proj- 
ect, the committee feels that, inasmuch as the President has again 
requested the construction of this dam in the name of national defense, 
it should grant this repeated request of the President.” On January 
28, the bill was passed by the Senate.^^ The bill was signed by the 
Speaker of the House and the Vice President, on the folloAving day.^^ 
On J anuary 30, it was signed by the President as Public Luav 422.-® As 
finally approved the bill ]3rovided : 

B'or an additional amount for the Tennessee Valley Authority fund, fiscal year 
1942, for (1) the construction of a hydroelectric project on the French Broad 
Biver near Danclridge, Tennessee, (2) the purchase or building of transmission 
facilities needed to connect this project to the existing transmission system of the 
Authority, and (3) the acquisition of land necessary for and the relocation of 
highways in connection with the accomplishment of the ahoA^e project ; ^30,000,000, 
to be available for the administrative objects of expenditure and subject to the 
conditions specified under this heading In the Independent Offices Appropriations 
Act, 1942. 

Construction of Douglas which began February 2, 1942, culmi- 
muted with closure of the dam February 19, 1943. Its powerhouse 
Avas in operation 2 years before the war came to an end in Europe and 
made its full contribution to the successful war effort. 

World War II led to three successive emergency programs under 
which 11 additional generating units were installed in main-river 
plants, Douglas and six other tributary dams were constructed and a 
larg’e steam generating plant Avas built at Watts Bar. Table 3 shows 
projects constructed under the emergency program. 


If Hearings before the subcommittee of the Committee on Appropriations, House of 
Representatives, 77th Cong., 2d sess., on H. R. 6448. 
f'** Congressional Record, 88 : 590, 615. 

Rept. No. 1659, r7tli Cong, 2d sess., p. 7. 

2® Congressional Record, 88 : 590-613. 

Ibid., 88 : 617. 

22 g, Rept. No. 994 on H. R. 6448, 77th Cong., 2d sess., and Congressional Record, SS ; 693. 

23 S. Kept, No. 994 on H. R. 6448, 77th Cong., 2d sess., p. 3. 

Congressional Record, '88 :“790. 
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Table 3. — W orld W"ar II emergency program 


Gobs: {ruction 
started 

Closure 

Aug. 1, 1940 

Aug. 8,1940 

Dec. 5, 1941 














July 17,1941 

July 17,1941 
July 17,1041 
.Tuly 17,1941 

Feb. 14,1943 

Aug, 15.1942 
Jau. 24,1942 
Feb. 12,1942 





Feb. 2, 1942 

Jan- 1, 1942 

Feb. 19,1943 

Nov. 7, 1944 




I^rofrnim ami project 


Date 

authorized 


First use of units author- 
ized under emergency 
program 


Rated 

capa- 

city 


First emergency pro- 
gram: 

Cherokee 


Watts Bar steam — 

Pickwick fourth im it, 
Wilson: 

Eleventh tmit-... 

Twelfth unit 

Kentucky: 

First unit 

S'oeond unit 

Third unit 

Fourth unit 

Second emergency pro- 
gram: 

Apalaehia 

Ocoee Xq. ?> 

Xottely 

ChatugG 

Wilson: 

Thirteenth unit. 
Fourteenth milt 
Watts Bar: 

4th unit 

Fifth unit 

Third emergency pro- 
gram: 

Bouuhrs 

Fontana 

Watts Bar steam 
fourth unit. 


July 31.1940 

July 31.1940 

Apr. 5. 1941 
July 31,1940 

July 31,1940 
July 31,1940 


Apr, 

Apr. 

Apr. 

Apr, 


0 . 1 

5. 1941 
5, 1941 
o, 1941 


July 16,1941 

July 16,1941 
July 16,1941 
July 16, 1941 

July 16,1941 
July 16,1941 

July 16,1941 
.Tilly 16,1941 


Jan. 30.1942 
Dec. 17,1941 
Dec. 17,1941 


First unit Apr. 16, 1942.. 
Second unit June 17, 1942. 
First unit Feb. 15, 1942.. 
Second unit Mar. 16, 1942. 
Third unit Feb, 8, 1943- 
Aug. 12, 1942 

July 18. 1942 

Aug. 31, 1942- 

Sept. 14, 1944 

Nov. IS, 1944 

Apr. 6, 1945 

Dee. 23, 1945 


First unit Sept. 22, 1943. 
Second unit Nov. 17. 1943. 
First unit Apr. 30, 1943.. 


30, 000 

30. 000 

60. 000 
60, 000 
60, 000 

36. 000 

25, 200 
25, 200 

32. 000 
32, 000 
32, QOO 
32, 000 


37, 600 
37, 600 
27, 000 


Apr. 22, 1943.. 
Nov. 21, 1943 


Mar. 12, 1944.. 
Apr. 24, 1944- 


First unit Mar. 21, 1943. . 
Second unit Jan. 12, 1944. 
First unit Jan. 20, 1945- . 
Second unit Mar. 24, 1946. 
Apr. 8, 1945 


25, 200 
25,200 


30, 000 
30, 000 


30, 000 
30, 000 
67, 500 
67, 600 
60, 000 


BASIC DATA 

rhe entire Tennessee Eiver watershed covers an area of 40,910 square 
miles* and 4,541 square miles or approximately 11 percent is located 
above Douglas Dam in the French Broad Basin. This drainage area 
includes parts of Tennessee and North Carolina with the reservoir 
itself reaching into four Tennessee Counties : Sevier, Jefferson, Cocke, 
and Hamblen. The reservoir extends 43 miles upstream from the 
dam to a point just above the mouth of the Pigeon Fiver near 
Newijort, Tenn. 

Topographic features 

The topography in the upper Tennessee Valley is for the most part 
rugged with steep slojjes. The French Broad Basin is a fan-shaped 
area having a width of about 30 miles above Douglas Dam site and 
about 90 miles at its southeast boundary. Douglas Feservoir lies in 
the tolling country between the Clinch Mountains on the northwest 
and the Smoky Mountains on the southeast. At the dam site the 
river flows m a general southwesterly direction, then turns to flow 
almost due south before turning in a great bend to flow generally in 

Holstoii near ICnoxville to form 
the Tennessee Fiver. The dam site is at a convergence in an other- 
1 stream bed is approximately 500 feet wide, 

ihe left bank rises rather steeply to about elevation 950 and on a 
more gentle slope to about elevation 1,060, The right bank shows 
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more evidence of a flood plain in the overbank area with the adjacent 
slope rising uniformly to a crest above elevation 1^100. 

General geology 

The rock formations in the vicinity of the site consist of gray dolo- 
mite and light-gray to blue limestone. Bedrock is exposed near the 
right abutment, and scattered rock outcroi:)S are present in the left 
abutment from the flood plain to the crest elevation of the ridge. 
The Douglas area is on the northwest limit of a broad syiicline which 
crosses the eastern end of the State of Tennessee from Sullivan County 
to Polk County. The dam is on the northwest limb of this fold and 
the dolomite beds dip southeasterly to pass under a thick mass of 
younger shales which extend below sea level before returning to the 
surface on the southeast limit of the smcline beyond the limits of 
the reservoir. 

In an earlier 2 :)eriod of its history the river -was at the level of the 
upland terraces, about 80 to 100 feet above the present river. In cut- 
ting its way into the upland the river widened its valley through 
the soft shales and formed narrow channels across the belts of harder 
rocks. Douglas Dam is located in one of the narrow channels where 
the river leaves its broad valley through the shale belt and crosses a 
wide outcrop of Knox dolomite. This outcrop extends northeasterly 
along the western edge of the reservoir area to the broad upland area 
above Dandridge, and its surface contains many sinks and x^ractically 
no surface streams. No mines or mineral dex:>osits of apx^reciable 
value are located within the reservoir area. 

Hydrology 

Stream flow estimates for the French Broad Kiver at the dam site 
are based on nearby gage records of the United States Geological 
Survey, those at Dandridge, with a drainage' area of 4,446 square miles 
were available starting with October 1918. There were also available 
a fragmentary record over a period of 29 years for a gaging station 
near Newport and a continuous record since 1899 for the Knoxville 
gage on the Tennessee Kiver with a drainage area of 8,934 squai’e 
miles. The maximum known flood stage, 23.2 feet at Dandridge, 
occurred in March 1867 and again in February 1875. The minimum 
flow of record, about 370 cubic feet per second, occurred in September 
1925. The average stream flow at the dam .site during the typical 
12-year x^eriod from October 1920 to Sexhember 1932, including both 
a critical dry and a very wet year, was about 6,700 cubic feet x>er 
second. 

RESERVOIR PREPARATION 

Land imrchases and easements for Douglas Reservoir totaled 33,160 
acres, of which 31,600 acres (including 3,170 acres in the original river 
bed) are below elevation 1002, t6]D of spillway gates. Acreage x)ur- 
chased above 1002 was largely to avoid imx^ractical severance of farm 
lands or expensive road relocations. Ax^x^i'oximately 5,182 acres had 
to be cleared. Approximately 15,300 acres may be classed as bottom 
lands and included some of the most highly?- develox^ed land xmrcliased 
by TVA, while the remainder, some 17,860 acres, was cleared uplands 
and woodlands. Five hundred and twenty-five families with homes 
within the reservoir limits had to be moved. Dandridge, the only 
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incorporated town within the reservoir area and the county seat of 
Jefferson Coimtj^ Teim., required extensive protection from back- 
water of the reservoir, A protective dike constructed by TVA left 
the town practically undamaged. State and county roads required 
only minor adjustments on account of this dike and minor adjust- 
ments w^ere also necessary to the existing street, water, and sewer 
systems. 

United States Highway No. 25E was relocated for a distance of 
about 4 miles, and the highway bridge crossing the French Broad 
River on this route was raised. United States Highway No. 70 was 
raised about OA of a mile, and the Swann Bridge over the French 
Broad River on this highway was raised. County road adjustments 
included two major bridges and many small culverts and side road 
approaches. The Southexm Railway track extending for about 
9 miles through the reservoir area, was elevated and the railroad 
bridge over the French Broad River at Leadvale raised. 

Graves in flooded cemeteries were removed at the option of the 
nearest relative. Those for w^hich no known relative could be found 
or which could not be identified were not disturbed. A total of 2,449 
reinterments were made from 32 different cemeteries. 

While several small rural communities were inundated, no highly 
developed residential areas were damaged to any extent. 

INITIAL OPERATIONS 

Filling of the reservoir began February 19, 1943, with the closure 
of the dam. The first power unit when into commercial operation 
March 21, 1943; the second January 12, 1944. For the first full year 
of operation, March 1943 through February 1944, the output totaled 
214,973,000 kilowatt-hours. All through the critical war year of 1943, 
the first unit operated at maximum capacity, the output being con- 
tinuously over the 30,000 kilowatt capacity for six consecutive months 
during this crucial period. 

In conjunction with other TVA reservoirs, Douglas has been op- 
erated to advantage in the control of a number of floods. In January 
1946 the crest of the fifth highest flood of record at Chattanooga was 
reduced approximately 10 feet with an estimated saving in flood dam- 
ages at that point alone of $10,000,000. In January 1947 the sixth 
highest flood at Chattanooga occurred, and in February 1948 the 
seventh. These two floods were reduced by 12.7 and 10 feet with 
estimated resultant savings in flood damages of $7,500,000 and 
$6,000,000 respectively, to bring the total estimated savings from flood 
damages for these three major floods at Chattanooga alone to 
$23,500,000. ^ 

COST 

The final cost of the Douglas project through June 30, 1947, totaled 
$41,800,000. This figure includes land, land rights, structures, im- 
provements, and equipment; transmission plant consisting of the 
primary substation located at the power house site and constructed 
concurrently with the dam and powerhouse; and general plant com- 
prising intersite communication equipment. A detail summary of 
costs is given in the cost chapter of this report. 
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Chapter 2 

PRELIMINARY INVESTIGATIONS 

The French Broad RiTer, with a total drainage ai^ea of 5,124: square 
miles, is the largest tributary of the Tennessee River. Any compre- 
hensive plan for the multipurpose development of the Tennessee 
Valley necessarily involved consideration of a large storage project 
on this river, not only for controlling floods but also for regulating 
low-water flows. The relation of the French Broad drainage area 
to that of other watersheds in the upper Tennessee Valley is shown 
in figure 1. 

The only large existing power development in the French Broad 
Basin was the high-head Waterville project of the Carolina Power 
& Light Co. completed in 1930 on the Big Pigeon River. The drainage 
area above Waterville is less than 9 percent of the entire French 
Broad watershed, and the reservoir has a useful storage of only 21,000 
acre- feet. Excluding the drainage area above Waterville, Douglas 
Dam controls a drainage area which is substantially larger than that 
for any other dam which could be built on the tributaries of the Ten- 
nessee River ; nor was it feasible to obtain the large capacity needed 
for flood storage and stream flow regulation at any other single site 
ill the French Broad Basin. 

From the mouth to the vicinity of Newport, Tenn., 78 miles up- 
stream, the French Broad River flows through a wide fertile valley 
which is extensively cultivated. Between Newport and Asheville, 
for a distance of approximately 70 miles, the river runs through a 
gorge occupied by a main-line railroad and a primary United States 
high^way. Above Asheville, the valley again widens out into a fertile, 
highly cultivated basin. The Nolicbiicky River, the principal tribu- 
tary and flowing into the French Broad about 11.5 miles below New- 
port, has much the same type of highly developed fertile valley crossed 
by important railroads -and highways. Except for the basin above 
Asheville, the entire upper watershed of the French Broad above 
Newport lies in a mountainous region. 

Initial investigations 

In House Document No. 328, 71st Congress, 2d session, the Corps 
of Engineers, United States Army, presented a plan for the compre- 
hensive development of the water resources of the French Broad 
Basin. In general, the projects proposed lacked adequate storage for 
multipurpose use and involved extensive relocation of existing trans- 
portation routes. To avoid such difficulties as much as possible, 
relatively low dams and small reservoirs were proposed, and the 
water for power development was to be conveyed through long tunnels 
and pipe lines. 

Intensive studies by the TVA, beginning in 1937, indicated that 
the so-called Douglas site, 32.3 miles above the mouth of the river, 
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Figure 2. — Douglas Reservoir and vicinity. 
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was undoubtedly the most feasible and practicable site on the French 
Broad for multipurpose development and would afford a useful stor- 
age capacity for flood control and low-water regulation of 
approximately 1,300,000 acre-feet. Figux'e 2 is a map of the Douglas 
Eeservoir and vicinity. 

The difficulties to be encountered in acquiring the lai'ge acreage 
of highly cultivated bottom lands that would be inundated and in 
making extensive highway and utility adjustments indicated that, 
in normal times, the construction of Douglas Dam and Kesezwoir 
should reasonably be held in abeyance until other more feasible res- 
ervoir sites had been developed and necessary expansion of the TVA’s 
multipurpose program could no longer be delayed. The economic 
effects of flooding the large area of agricultural land in the reservoir 
had been appraised, and the normal development of the Douglas site 
would have been postponed for several more years if Congi'ess had 
not authorized the emergency power program recommended by the 
Olfice of Production Management for projects needed to meet the 
rapidly growing demands of power for national defense. 

Congressional authorization of the flrst emergency power program 
(see table 3) had been passed in July 1940, and requests for a second 
emergency program submitted in July 1941 made it evident that 
actual development of the Douglas site would in all probability be 
called for very soon. Accordingly, exploratory drilling w^as started 
July 10, 1941, and was completed by November 22 of the same year. 

Field investigations proved the feasibility of the site, and the proj- 
ect was recommended for the emergency program primarily on the 
premise that its construction would add a substantial block of depend- 
able power to the TVA’s system in the shortest possible time. The 
urgency of power requirements was held to overshadow all economic 
disadvantages which might result from the flooding of valuable truck 
farms serving two large canning industries. 

The Douglas project was approved by Congress January 30, 1942, 
and authorized by the TVA Board of Directors February 2, 1942. 
Construction started immediately. 

GEOLOGY 

Douglas Dam and Eeservoir are in the southeastern section of the 
Valley and Eidge province. This area has undergone practically the 
same geologic and physiographic development as have the other TVA 
reservoir areas in the iipiDer Tennessee Valley. The dam is 10 miles 
west of the base of the Great Smoky Mountains. The French Broad 
Eiver leaves the mountains about 20 miles above the upper end of the 
reservoir and flows westerly in a series of entrenched meanders across 
alternating belts of shale, dolomite, and limestone to join the Holston 
Eiver and form the main Temiessee Eiver about 5 miles above 
Knoxville. 

In an earlier period of its history the river was at the level of the 
upland terraces, about 80 to 100 feet above the present river. In cutting 
its way into the upland, the river greatly widened its valley through 
the soft shales and formed narrow channels across the belts of harder 
rocks. Douglas Dam is located iii one of the narrow channels where 
the river leaves its broad valley through the shale belt and crosses a 
wide outcrop of Knox dolomite. This outcrop extends northeasterly 
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alono* tlie western edge of tlie reservoir area to tlie broad upland area 
above Dandridge, and its surface contains many sinks and practically 

no surface streams. _ n p i i • 

The formations in the immediate* vicinity are all of the Ordovician 
age. Figure 3 shows the geolog}^ at the dam site. The Knox dolomite 
is" a thick-bedded, fine to coarse crystalline rock, having sandy and 
cherty layers throughout and beds of limestone along the upper part. 
In the immediate vicinity of the dam the Lenoir limestone overlies the 
luiox dolomite. It consists of a thiii-beclded, shabby, somewhat shaly 
limestone with nodules of black chert in the lower beds and outcrops in 
a narrow belt parallel and adjacent to the larger dolomite formation. 
To the east is a wide maturely dissected belt of shale outcrop which 
consists of the Athens, Tellico, and Sevier formations located in the 
order named. These three shales form most of the reservoir bottom 
area because the main river and its tributaries were able to erode this 
shale more easily and extensive!}^ than the hard Knox dolomite. 



fu'on -0irerfi2iv .S!L:zeAay 
, Section , /pT^teji ^Sc.>lH3 y 



\ieitjmaug3) Athens sha/e-^ 


—Prsbatie fautt 


Lenoir (Chiekamauga) 
Limestone 


DOWNSTREAM ELEVATION 


Figure 3. — Geology of Douglas Dam site. 

Structurally, the Douglas area is on the northwest limb of a broad 
syncline which crosses the whole eastern end of the state from Sullivan 
County to Polk County. The dam is on the northwest limb of this 
fold, and the dolomite beds dip southeasterly to pass under a thick 
mass of younger shales which extend below sea level before retuiming 
to the surface on the southeast limb of the syncline beyond the limits 
of the reseiwoir. Crystalline rocks of the Blue Kidge thrust override 
the younger shales lying along the southeast limb of the syncline and 
compi’ess the shale beds into many minor folds and faults which are 
difficult to trace at the surface but are frequently exposed in open cuts 
and drill holes. 

Topography 

The dolomite ridge forming the right bank at the dam site descends 
from a crest elevation of 1,100 feet or more down to around 895 feet 
along the edge of the flood plain. The slope of the ridge practically 
parallels the dip of the underl 3 Tng strata. The total width between 



PRBLIMINART INVESTIGATIONS 19 

abutments is 980 feet. The same width of flood plain, about 250 feet, 
exists along each side of the river. The vertical bluff at the end of the 
south flood plain is 75 feet high, and the gentle slope above rises to a 
maximmn elevation of 1,060 feet between the dam and saddle dam 
No. 1, The dissected shale ridge forming the reservoir rim for about 
4 miles above the dam has an avenige width of 1,000 feet at the iipi^er 
pool level and a maximum elevation of about 1,240 feet. The crest of 
the ridge drops below 1,017, elevation of the top of embankment, at 
eight gaps, each of which was closed by a saddle dam. 

Eemoval of overburden was a comparatively unimiDortant item in 
dam construction although requiring excavation to a considerable 
depth in the south abutment cave and at other spots. In general, the 
depth of overburden averaged about 16.5 feet over the entire site. 

The most serious difficulty anticipated in the construction of a dam 
at the Douglas site was the probability of extensive rim leakage as 
evidenced not only by numerous sinkholes near and immediately south 
of the left abutment but also by the presence of many cavities and 
weathered seams along bedding planes in the foundation rock. It was 
expected that considerable grouting would he required under the left 
abutment and to a lesser extent along the weathered zone in the river 
bed and under the right abutment. 

Rock formation 

The rock under both the dam and powerhouse belongs to the upper 
portion of the Knox dolomite, which has a total stratigraxiMc thick- 
ness of '525 feet and represents 7 rock tyiies, the youngest of whicli 
goes down about 200 feet below the top of the rock formation. 

Explorations 

A preliminary examination of the outcrojis and overburden by 
means of auger borings was made in 1938 and 1939 along a line ap- 
proximately 650 feet downstream from the final axis. Between July 
and November 1941, 80 diamond drill holes and 4 large-diameter calyx 
holes were drilled. The principal foundiation features disclosed by 
such explorations were : 

1. A large partly clay-filled bedding plane care in the south abutment 

2. A smaller and more open bedding plane cave in the north abutment. Dye tests 
threughout the drilling indicated interconnection between the cavities in most 
of the holes. 

3. A number of large bedding plane and joint cavities existed in the river chan- 
nel and flood plain, especially in the upper 30 feet of bedrock. The deepest 
cavity went down about SO feet below river level, and the drill water was lost 
in every hole. 

4. Reasonably watertight shale underneath the shallow weathered surface zone 
was found at all saddle dam sites, 

5. Unusual rock types bounded by steep faults were found in the south abutment 
area. The larger cavities found went as deep as elevation 820, or about 50 
feet below the bed of the river and were presumably related to faulting. 

At the dam site the strike is north 60 degrees east, or nearly parallel 
to the course of the river, and the dip is 10 to 25 degrees southeast. 
It was concluded from the preliminary explorations that the founda- 
tion rock at the Douglas Dam site would be satisfactory for the struc- 
ture of the height j)roposed; and foundation conditions, in general, 
were comparable with those previously encountered at other TV A 
dams. 
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Extensive explorations of local spots were conducted during tlie 
entire construction period, using diamond, calyx, and wagon drills to 
determine the size and extent of cavities and the limits of weathered 
rock. In general, while many bad spots were encountered, the condi- 
tions actually exposed in the excavations were largely as anticipated 
in preliminary studies. 

HYDROLOGY AND METEOROLOGY 

The French Broad River Basin includes areas of widely different 
hydrological characteristics. Summer storms over the mountainous 
area are frequently violent and the heavy rains cause extensive dam- 
age, as shown by the storms of July 1916, August 1928, and August 
1940. Destructive floods, however, are not confined to the summer 
season, the two largest floods in the vicinity of Douglas Dam having 
occurred in February 1875 and March 1867. The melting of snow 
accumulated in the mountain ridges may also contribute to winter 
and spring floods on the French Broad River. 

The Inkiest rates of precipitation are from West Indian hurricanes 
which occur in the summer and fall months and occasionally cover the ' 
eastern portion of the French Broad Basin. These storms sweeping 
inland from the ocean drop a considerable portion of their moisture 
along the Blue Ridge and Uiiaka Mountains. One of the storms of 
this type was that of July 1916, which produced the highest rate of 
rainfall kiiowni at that time in the country. At Altapass, about 18 
miles northeast of the French Broad Basin, a rainfall of 22.22 inches 
was reported in a 24:-hour period. These intense storms are confined 
to the eastern portion of the French Broad Basin and so far have not 
penetrated deeply into the Holston, French Broad, and Little Tennes- 
see Basins. 

Storms traveling across the Teimessee Yalley from the southwest 
during the winter and spring are more frequent, as indicated by the 
flood occurrences on figure 12. Although precipitation from these 
storms is not as intense as from the summer storms, larger areas are 
covered and, with a higher percentage of run-off, more widespread 
floods results. Hence, winter and spring floods on the Tennessee 
River and on the lower reaches of the maj or tril taries are more severe 
than floods produced by siunmer storms over the mountainous regions. 

Records of past storms and floods indicate that the summer storms 
will never reach far enough over the basin divide to cause intense 
precipitation over the entire drainage area of a major tributary. 
Nevertheless, it is considered desirable to provide sufficient spillway 
capacity at Douglas Dam to pass the maximum probable flood with 
the reservoir filled to normal capacity prior to the storm, even though 
a substantial volume of flood control storage may generally be 
available. 

The mean amiual rainfall over the area above Douglas Dam varies 
horn 40 inches at Asheville to about 85 inches in the mountainous 
regions and averages about 47 inches over the entire area. The mean 
annual rainfall in the upper Tennessee River Basin is shown in 
figure 4. 

The drainage area above Douglas Dam is 4,541 square miles. Stream 
flow records for the French Broad River at Dandridge (drainage 
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area 4,446 square miles) were available since October 1918 with addi- 
gw height records available since December 1904. There was 
also available an incomplete record for a period of 29 vears fov 

fnr (drainage area 1,858 square miles) and 
for Knoxville (drainage area 8,934 square miles) a continuous record 
of stream flow since January 1899 was available. 

on MLdi?Tr7^nT ^ Dandridge, occurred 
on Maich (,186/, and again on February 25, 1876. The Correspond- 

794091 — 49 3 ^ 
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ino- discharge was 150,000 cubic feet per second (see fig. 12) The 
minimum daily flow of record, about 370 cubic feet per second at the 
dam occurred in September 1925, and the average stream now for 
the period •from 1918 to 1943 was 6,700 cubic feet per second. Figure 


Table i.— Natural flow, by iveeks, of the French Broad River at Douglas Dam Site 


MEAN WEEKLY DISCHARGE IN CUBIC FEET PER SECOND 
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191)8 

1909 
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1 
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9 

5, 709 

1,40(1 
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17,900 

8, (HIO 

7, (JOO 
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3 
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2, (iOO 
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4, 000 
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28 - 

4 

4, (Hit) 
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3. 30(1 

24, 00(1 
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6, 900 
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4, 500 

4, 800 
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6, 400 
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6. 000 

9,500 

15, 700 


ii 

17’ OOfl 
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11, m) 
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G, SOO 

10. 400 
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B, 900 

7,300 



2(l', 9(10 
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4, SOO 

21, 000 

17, 500 

5,100 

12, OQO 
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10, 100 

25 -- 

8 

17 ; 800 

0, 100 

18, 700 

6, 300 

3,900 

11, 500 

17, 900 

11,600 

6,600 

12, 300 

6,900 


9 

20,700 

9,100 

9. 500 

6, GOO 
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8, 100 

15, 500 

11, GOO 

5,400 

15,400 

15, 500 

11 

10 

20,200 
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12, 2(?f) 

8, 900 
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7, 500 

18. 200 

11,600 
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18 

11 
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19, SOO 
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25 - 

12 
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10, 200 
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16, 000 
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3, GOO 

6, 000 
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^pr 1 

13 
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4 , 000 
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23, 300 

3, 300 

7,200 
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S - - 

14 
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6, 400 

9,000 
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3, 100 
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1.") 

15 

39, 400 
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9, 300 

8,000 

6, 500 
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DO 

10 
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18 
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19. 600 
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7,700 
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29 
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5, 100 
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4,700 

6, 300 

5, 100 

7,800 

5, 600 

5, 200 

8, 300 

5,300 


21 

4, TOO 

3,200 

8, am 

3, GOO 

4, 200 

6,400 

18, 400 

7, 900 

4,200 

15, 700 

IG, 500 

June 3 

22 

7. 600 

3,600 

tt, BOO 

5,500 

4, 900 

5,200 

8, 800 

6, 900 

3,700 

7,700 

1.3, GOO 

10 

23 

13, 000 

4,290 

3, 700 

5, 000 

13, 600 

4, 50t) 

22, 800 

5,900 

3, 400 

5, 900 

10, 700 

17 

24 

y, (K)0 

2,500 

3, 300 

9, GOO 

11,000 

4, 500 

14 . 700 

7, 200 

3, 700 

4,500 

7, 300 

24 

25 

5. 6G0 

2,500 

8,300 

S. 400 

6,200 

3,200 

11,100 

6, 200 

3, 000 

4, 300 

4, 700 

July 1 

20 

5, out) 

3, 500 

G.OOO 

G,9on 

G, 600 

3, 300 

10,000 

5, 000 

3, 800 

7, 200 

4, 3G0 

8 . - 

27 

4, SOO 

.3,500 

5, GOO 

4, 700 

4,800 

5, 100 

111, 800 

7,200 

2, 400 

9, 400 

4, 600 

15 - 

is 

5,200 

3.300 

15,000 

5, 3(R1 

G, 000 

7, 900 

15,900 

11,600 

3, 600 

7,600 

3, 200 

22 

29 

5,000 

2, (KK) 

11,000 

12 . ion 

G,400 

3, 400 

8, 700 

6, 800 

3, 700 

6, 300 

2, 700 

29 

30 

2.800 

2, 990 

6,300 

8. 900 

.3,400 

2, 400 

6, 200 

4, non 

3, 300 

7,400 

2, 900 

Aug. 5 

31 

4, 299 

2, 600 

4, GflO 

8, 100 

5,600 ■ 

3,700 

7, 200 

8. 200 

2, 000 

5, 700 

3, 500 

12 

32 

3, 990 

3, 600 

G,90U 

6.300 

3, 800 

6, 000 

5,900 

7,200 

3, 600 

4,200 

3, 000 

19 

33 

4,200 

3,900 

13,890 

7. GflO 

3, 100 

2,700 

12, 400 

3, 900 

2, 700 

4, (100 

3,200 

2fi 

34 

3, 300 

3, 400 

7, 000 

8,700 

4,500 

6, 700 

5, 400 

3, 900 

1,400 

^ 4,400 

2, 100 

Sept. 2 

3.' 

2. 100 

2 , am 

4,900 

10, 300 

3,300 

10, 000 

3, 900 

11,000 

2,700 

. 3,000 

2, 100 

9_ 

30 

2,000 i 

2.600 

4,100 

13, ItIO 

2,300 

4,700 

3,600 

12,200 

3, 500 

' 2,400 

2, 100 

15 

37 

1,700 1 

1,700 

2, 800 

7.500 

3, 500 

2,900 

3, f)00 

6, 200 

1,100 

1,800 

1, 500 

23 

3S 

1,900. 

1,300 

2,300 

14, 700 

2, 600 

1, 400 

4, 400 

3, 900 

1,700 

3,000 

3. 000 

30 

39 

1, 500 

1, 100 

1, BOO 

10 . oco 

10, 300 

1, 700 

6, 900 

3,600 

3, 500 

6,000 

3. 300 

Oct. 7 

40 

SOO 

1.100 

1,900 

19, 600 

4, 100 

2. 100 

3,800 

3, 400 

2. 700 

3. 100 

2, 200 

14 

41 


1,000 

2,900 

11,300 

3, 100 

3, 800 

3,600 

4,600 

3,400 

2,100 

1, 700 

21 

42 

l.tKHl 

i.ajo 

2. 300 

6, 900 

2.400 

2,500 

5, 300 

2, 600 

6, 600 

2, 900 

1, 400 

2S - 

43 

L5U0 

1.000 

2. 200 

9.3tlfl 

2, 100 

7,500 

3, .500 

2,500 

4,300 

2,400 

4,100 

Nov. 4 

44 


1, 100 

2,200 

5, 400 

2, 500 

10, 900 

2, 90(1 

2, 100 

3.200 

1, 900 

3, 000 

11 

45 

1.9tH) 

.1,5(K) 

1,900 

4, 700 

2,900 

4, 600 

2, 500 

1,900 

3, 900 

3, 700 

2, 200 

18 

4U 

2, 200 

1, GOO 

1, .800 

4, 600 

5.500 

5. 100 

2, 400 

1,400 

5,100 

3, 200 

2, 900 

2,5 

47 

3,709 

1,600 

2, 100 

28, am 

7,20(1 

4, 300 

2, 100 

1,000 

4,700 

2, 200 

2, 800 

Dec. 2 - 

48 

l.BtH) 

1,R0(J 

1,900 

7. 800 

8,100 

2,000 

1,900 

2,000 

4,200 

1, .500 

1, 600 

9 

49 

1,400 

4,000 

8, 500 

5,900 

3,700 

10. 200 

2, 300 

9, 000 

3, 100 

4,800 

3,300 

lf> 

50 

1,«>0 

2,800 

8,600 

5,700 

6,200 

9 800 

5, 800 

4, 200 

2,600 

3, 200 

3 , 000 

23- 

51 

1,800 

1, 7(m 

5,700 

7,700 

5,600 

6,000 

4,700 

2, 900 

5,300 

1, 800 

2, 100 

31 - 

52 

j 2. BOO 

4, 500 

s, mo 

12, 200 

10,400 

11,200 

2, 300 

3,800 

12, 800 

3, 000 

3,600 

Max. Daily cfs- 













Min. Daily cfs 

.! 











Mean for year cfs ... 

.1 8,050 

3,950 

6,600 

9,210 

1 6,250 

7,390 

9, 350 

5, 450 

6,320 

7, 320 

6,880 


Note. Flow at Douglas computed from USGS streamflo-w records at Knoxville, Rogersville, and Dand- 
af Dougfas^^bli i^an^ilge' L)ougIas=Q.77 (Knoxv-ille— Rogersville) Oct. 1, 1918 to Dec. 
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5 shows the average duration of flow at Dandridge for the 28-year 
period from October 1918 to September 191:1. Mean weekly flows 
shown in table 4 have been computed from available records. Figure 

6 gives the tail water rating curve at Douglas Dam. 


Table 4. — Natural flow, by weeks, of the French Broad River 
at Douglas Dam site — Continued 

MEAN WEEKLY DISCHARGE IN CUBIC FEET PER SECOND 


Week ending 

Week 

1914 

1915 

1016 

1917 

1918 

1919 

1920 

1921 

1 

1922 

1923 

1924 

Jan. 7 

1 

4, 400 

9, .300 

20, 200 

2-1,700 

1, 800 

24,700 13,040 

6, 380 

4 , 380 

11,100 

11,200 

H 

2 

3,500 

13, 600 

21, 200 

10, 200 

9. 100 

9, 120 

3,640 

10, 300 

5,830 

.5,250 

13,800 

21 

3 

3, 500 

14, 400 

11,300 

8,800 

22, 700 

9,820 

4,670 

12,700 

15,400 

5,170 

16,500 

2S 

4 

2, 800 

12, 000 

13,600 

12, 300 

13, UOO 

17,400 

12, lOO 

7, 410 

22,200 

8,590 

8,570 

Feb. 4 

5 

4, 200 

16, SOO 

18,400 

16, 400 

42. 000 

10, 101) 

7,860 

9. 670 

6. 710 

22,01X) 

6,560 

11 

6 

7, 200 

14, 900 

15,700 

C, 000 

10, 100 

6,600 

12,800 

22, 200 

7, 960 

17,600 

7, 490 

18 

7 

5, 400 

8, 300 

8,600 

5, 200 

8,000 

7,650 

5,880 

19,000 

21, Son 

18, 100 

6, 090 

25 

S 

5, 900 

7, 500 

6, 500 

20, 100 

10, 700 

10,900 

9, 560 

12, 400 

10, 200 

6,840 

12,300 

Mar. 4-- 

9 

6, 700 

8. 200 

13,600 

27,800 

6, 700 

12,600 

7,720 

7,500 

1.3,300 

.5,310 

11, 600 

11 

10 

5, 100 

7,700 

14,200 

43, 000 

5,300 

18,200 

6,730 

5,700 

16,400 

16,500 

19. 200 

IB 

11 

10, 700 

5, 700 

7,800 

23, 000 

5 , 300 

11,600 23,700 

5, ISO 

22,800 

22, 600 

8, 210 

25 

12 

7,000 

6,200 

5,800 

24, 100 

4, 900 

9,100 20,300 

5,590 

10,900 

18, 100 

10, 500 

Apr. 1 

1,3 

6, OOO 

4,900 

8, 700 

27, 300 

9, 900 

8.940 14,700 

0,600 

14, 600 

8, 620 

9, 140 

8 

14 

9, 400 

4, SOO 

7,500 

14, 800 

5, 200 

7.400 45,700 

6, 560 

1.3, 900 

6, 760 

S, 650 

15 

1.5 

7, 000 

6, 200 

8,400 

12, 700 

9.300 

7,120 

12,800 

4, 440 

9,770 

7,390 

9, 630 

22 

16 

16. 500 

4, 500 

5,900 

7.700 

8, 700 

8, .350 

7,7S0 

14. 2(H) 

12,200 

7,9.50 

14. 700 

29 

17 

8, 200 

4, 100 

4, 500 

5, 200 

6, 900 

6,040 

8,940 

7,920 

10,500 

6, 290 

8,520 

May (i 

18 

5, 200 

5, 300 

3, 900 

8,900 

5, 100 

8,340 

7, 260 

8, 490 

16, 000 

7,450 

9,740 

IB 

19 

5, 200 

8. 500 

4,100 

6,200 

6, 000 

7,400 

6,580 

9,180 

12. 500 

10, 100 

9, 460 

20 

20 

3, 800 

5, 300 

3, 200 

5,400 

7, 600 

6,330 

5,290 

7,090 

9, 610 

11,200 

9, 120 

27 

21 

3,200 

4,500 

6,300 

4,700 

5,700 

6, 480 

5,090 

0, 420 

9, 210 

13,200 

6, 190 

June 3 

22 

2, 800 

9. 000 

7,500 

3, 700 

5, 600 

5,680 

4,7.50 

6,370 

7,090 

17,700 

9,100 

10 

23 

3, 100 

6,700 

5, 900 

3, SOO 

6, 300 

4, 130 

8,440 

4, 830 

9, 610 

9, 4.30 

5,660 

17 

24 

2, 900 

5,600 

7,500 

4.500 

4, 700 

3,140 

4,380 

5, 610 

7,580 

7, 280 

9, 370 

24 

25 

4,600 

5, 600 

7,300 

4, 700 

11.800 

3,960 

7,150 

6,340 

7,400 

5,690 

5.om 

July 1 

26 

2, 500 

4, ,500 

5, 200 

3, 700 

7, 300 

13, 100 

5,000 

5, 930 

5,250 

7,650 

4,190 

8-. 

27 

2, .500 

12,000 

4,600 

3, 300 

5, 600 

3,980 

4,890 

4, 280 

8, 650 

5,580 

7,410 

Ic5 

28 i 

2, 300 

7,400 

22,400 

4, 700 i 

4,600 ; 

3,440 

3. 9S0 

4, 840 

9.480 

5,700 ; 

9,840 

90 

29 i 

3, ,500 

5,700 

42,000 

11,300 1 

.3,000 1 

6, 76,0 

6, 840 

14, 100 

9,430 1 

8,390 1 

6, 830 

29- 

30 

2, 100 

4,800 

16,900 

8, 000 

4,300 

5, 320 

4,500 

9, 380 

7,710 

4, 210 

4,590 

Aug. 5 

31 ‘ 

2, 900 

3,000 

9, 200 

8, .300 ' 

5,900 

3,780 

3, 290 

U,500 

5,320 

5, 180 

3, 5G0 

12- 

32 

1,600 

3,000 

11, 400 

4,800 : 

3,800 : 

3,320 

S,410 

7, 660 

4,350 

7, 240 

4,670 

19 

33 

3, 400 

3,960 

8, 300 

3,700 

4,000 

4,5tl0 13,500 

14, 400 

3,720 

5, 370 

3, 960 

26- 

34 

1, 500 

4, 900 

6, 000 

4, 200 , 

4,600 

2, 990 10, 600 

9, 040 

3,580 

0, 150 

2,720 

Sept. 2 

35 

3,400 

4,300 

3, 700 

3, 700 

2,600 

2,2.30 

9.930 

5,800 

3, 470 

3,600 

2, 950 

9 

30 

1,700 

5,800 

3, 700 

5,700 

3,700 

2,300 

5,900 

4,040 

3,120 

3,280 

2,540 

16 

37 

1, 600 

4,200 

3,700 

2,700 

4,200 

1,650 

8,950 

3, 900 

2,470 

3, 170 

2,120 

23 

38 

2,000 

3,200 

3,400 

1,800 

3,300 

1,190 

6, 380 

3,060 

2,020* 

2,960 

3,870 

30- 

39 

1,700 

2, GOO 

2,800 

3, 000 

3,100 

1, 750 

4,690 

3, 560 

2,320 

3, 650 

7,660 

Oct. 7 

40 

1,600 

7,500 

3, 500 

2 , 400 

1,490 

1,310 

3, 970 

3, 990 

2,020 

2,240 

8, 110 

11 

41 

1,700 

4,900 

2,100 

1,800 

1,070 

1,750 

2,550 

2,810 

3,450 

2,050 

3,340 

21 

42 

12, 400 

4, 000 

3, 400 

2, 200 

1,100 

2, 960 

2,270 

2,340 

2,-380 

2, 050 

2, 510 

28 

43 

3, 500 

4,600 

4,000 

3,700 

15,400 

3,760 

2,140 

2, 180 

2,280 

2,440 

2,6:i0 

Nov. 4 

44 

2 , mo 

3,100 

2,700 

2, 600 

35, ,300 

2. 380 

2. 680 

4. 660 

2,180 

2,220 

2, 910 

n 

45 

1, 900 

2,600 

2, 400 

2, .300 

6,360 

1,800 

2, 160 

3,700 

2,060 

3,250 

2.370 

18. 

46 

3, 200 

4, 800 

2,600 

2, 100 

4, 710 

2, 780 

4. 310 

4, 430 

2,100 

2,380 

2. .390 

25 

47 

3, 500 

7, 100 

2, 400 

1,800 

6,360 

2, 020 

4, 530 

5, ,350 

2,080 

2,300 

3,150 

Dec. 2 

48 

6. 100 

4,400 

.3,300 

2, 000 

5, 620 

1,940 

3, 990 

7.110 

1,720 

3, 250 

2, 4.50 

9-. 

49 

22, 300 

3,600 

3, .500 

2, 200 

4,450 

2, 790 

4,580 

7, 510 

4, 570 

5,230 

8,450 

16 

50 

6,400 

3, 500 

3, 700 

1,700 

5, 540 

14, 900 16, 100 

4,420 

8,190 

4, 510 

10, 700 

23 

51 

5,100 

23,000 

2, 900 

2,300 

18, 690 

5, 890 

9. 850 

5, 130 

15,800 

5,140 

4.310 

31 

52 

22, 500 

17,400 

8,300 

2, 400 

18,600 

3,730 10,700 

5.470 

5,250 

5,800 

4,950 

Max. daily cfs 








59, 600 

57,200 

38,100 

38,100 

Min fiailv rf*? 








2,020 

1,230 

1,810 

1, 810 

Moan for year cfs 

5, 210 

6,960 

8,200 

8, 210 

8,050 

6,440 

8, 150 

7,340 

8,130 

7,500 

7,150 
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Table 4^.— Natural flow, by weeks, of the French Broad River 
at Douglas Dam site — Continued 

MEAN WEEKLY DISCHARGE IN CUBIC FEET PER SECOND 


Wt'uk 

fending 

Week 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 


1 

11,300 

2, 990 

10,000 

8,780 

4,950 

7, 610 

0, 210 

9,770 

15,200 

4.000 

6.000 

8, 700 

14 

0 

11,40(1 

3, 020 

5, 740 

0,750 

7.170 

6,030 

6,830 

11, 100 

12,200 

18, 800 

*>1 

3 

11, ono 

10,200 

5,700 

5,740 

6,280 

0,730 

6, 210 

4,780 

8, 000 

7,900 

3, 600 

8, 300 

• 5 ::::;: 

4 

S, 870 

7, 080 

6,170 

9, 590 

6, 580 

4, 200 

6, 090 

12,000 

2,300 

11,900 

Feb. 4 

11 

5 

5, 710 

8,510 

10,400 

6, 400 

6, 500 

6,000 

3,270 

23, 200 

9,600 

2,300 

6,400 

6 

4,890 

8, 050 

11,900 

8,430 

9, 060 

9,800 

3, 330 

16,800 

15,100 

2,600 

6,400 

10,600 

18 


8. 660 

6, 5S0 

10,900 

6. 220 

7,440 

8, 450 

4,920 

16, 300 

24,400 

2,200 

25 

8 

6. 620 

9,980 

20,300 

5,600 

9,200 

6,720 

4,570 

11,700 

14,400 

2,300 

7,200 

Mar. 4 

9 

5,720 

7,700 

12,800 

5, 160 

22,800 

6, 530 

5,350 

7,420 

8,600 

18, 700 

9, 200 

11 — . 

10 

5, 010 

7,880 

19,000 

6,6S0 

23,000 

11,000 

4, 750 

11,100 

7,300 

18, 500 

10,000 

18 

11 

4, 220 

7,490 

14,200 

9,000 

22,700 

8, 920 

4, 070 

6,060 

7,200 

6, 200 

19, 700 

25 

12 

5. 710 

8, 190 

8,600 

10, 000 

21,200 

13, 200 

3,790 

9,310 

11,900 

8,900 

17,200 

Apr, 1 

13 

4, 520 

6,960 

6,710 

10, 800 

15,600 

6, 670 

6,410 

11, 100 

6, 900 

16, 400 

28, 200 

8 

14 

3,840 

5,960 

6,800 

8, 510 

9,350 

8, 450 

21, 100 

10, 100 

6,400 

7, 000 

17, 000 

15 

15 

3, 840 

13, 600 

7,350 

13, 300 

7,800 

7, 180 

11, 600 

9,480 

6,100 

11,000 

11, 800 
10,400 


10 

3, 240 

7, 540 

7, ISO 

9,130 

7,300 

5,730 

6, 990 

6,290 

12, 500 

9, 300 

S 

17 

4, 070 

5,160 

11,400 

12, 700 

8,160 

4,880 

13, 800 

8,150 

7,400 

7, 200 

11, 600 

May 6 

18 

6. 300 

3.S70 

6,130 

12, 300 

12,600 

4,110 

6, 780 

14, 400 

7,800 

5,000 

7, 100 

13 

19 

3. 910 

3, .520 

4, 550 

18, 900 

16,800 

5, 100 

7, 530 

7,150 

16, 500 

4, 200 

6, 600 

20 

20 

4, 570 

5,290 

3,760 

10.000 

15,200 

8,090 

5, 830 

5,780 

8,800 

4,400 

8, 900 

27 

21 

3, 810 

3,480 

3,700 

14,600 

15, 500 

6,420 

5,980 

5,590 

6,400 

4,000 

7, 000 

June 3 

22 

2, 530 

2, 650 

15,400 

10,300 

12,000 

4, 170 

6,450 

4,640 

6,100 

4, 300 

5, 100 
4, 900 

10 

23 

2. 200 

2,370 

11,600 

10,500 

8.690 

3, 650 

4,690 

3,750 

3,900 

6, 200 

17 

24 

2, IloO 

2.780 

7,570 

10,600 

7,940 

3, 140 

3,980 

5,850 

3,900 

7,500 

4, ,300 

24 

25 

2, 310 

2,760 

9,120 

8, 100 

5,950 

3,020 

3, 130 

5,280 

2, 800 

6,600 

4, 100 

July 1 

26 

2,530 

2,390 

4,700 

18, 100 

8,000 

2, 620 

2,740 

4,300 

4,100 

4,500 

3,600 

8 

27 

2,580 

2,430 

4,000 

12, 800 

8,280 

2, 250 

3. 300 
3,010 

5, 260 

3,200 

4, 500 

4, 200 

15 

! is 

2.670 

2,280 

3,830 

10, 400 

6, 770 
6, 140 

2,100 

4,230 

3,300 

5,600 

4,000 

22 

29 

1,770 

1,730 

5, 550 

6, 660 

2, 640 

4,890 

3,440 

3,500 

7,900 

4,100 

20 

30 

1,450 

1,920 

4,330 

6,900 

5, 120 

2, 420 

5,610 

2,640 

4, 100 

4, 200 

6, 200 

Aug. 5 

31 

1,240 

4,780 

3.660 

7,090 

5, 700 

1,890 

3,890 

2,870 

4,500 

5,000 

' 4,400 

12 

32 

1,130 

3, 240 

4,220 

7.120 

3, 760 

1,620 

5, 340 

4, 020 

3,300 

3, 600 

3,700 

19 

33 

1,040 

2,4S0 

4,520 

25,900 

4, 490 

1,860 

3, 930 

3,150 

3,600 

6,400 

3, 300 

20 

34 

881 

3, 570 

3,070 

12,200 

2,850 

2, 790 

7, 750 

2,810 

3,500 

4, 700 

8, 100 

Sept. 2 

35 

702 

4, 690 

3,020 

9,840 

2,640 

1,540 

4,200 

2,120 

4,500 

4, 200 

4,400 

9 

36 

640 

2,720 

3,310 

2.5,000 

2,820 

1,260 

7,160 

1,840 

7,000 

3,300 

5,200 

10 

37 

1,150 

.3,220 

2, 610 

9, 610 

3, 570 

3, 020 

2. 930 

1,470 

5,600 

2, 800 

4, 200 

23 

38 

1.050 

2,140 

2,300 

9,260 

5, 120 

3,280 

2,820 

1,360 

3,600 

3,400 

3, 500 

30 

39 

1,220 

2,160 

1,870 

6,120 

10, 600 

3,060 

1, 770 

2,470 

2,800 

3, 600 

2, 100 

Oct. 7 

40 

1,310 

2,400 

1,680 

5,780 

17,300 

2,080 

1, 330 

3,280 

2,200 ' 

5,900 

1, 900 

14 

41 

1,290 

2,010 

3,010 

5, 360 

6,240 

1,740 

1,350 

3,420 

1,800 i 

8,300 

1, 700 

21 

42 

3. ISO 

2,400 

3,260 

8,420 

4,470 

1,510 

1,450 

13,700 

2,800 

4,800 

1, 700 

28 

43 

2, 740 

1,950 

2,120 

9,850 

13,900 

1,780 

1,410 

6,070 

1,700 

3, 600 

2,000 

Nov. 4 

44 

2,200 

2,000 

1,910 

5,820 

7,250 

1,840 

1,810 

9,670 

2,000 

4,600 

3,200 

11 

45 

3,200 

2,710 
8, 900 

2,360 

5,100 

8,900 

1,600 

1,440 

6, 550 

2,500 

5,400 

2,400 

18 

46 

5, 530 

3, ISO 

4, 500 

11,800 

3,320 

1,440 

5,630 

2,100 

3,900 

10, 500 

25 

47 

2,780 

6,920 

6,410 

5,450 

10,700 

4,600 

1,710 

6,660 

2,200 

4,400 

4,800 

Dee. 2 

48 

2,800 

7,290 

3,210 

4,590 

7,810 

3,240 

1, 920 

6,390 

1,800 

8,400 

4,000 

9 

49 

2,450 

4,3M 

14,300 

4,300 

7, 120 

4,410 

3, 970 

4,870 

2,200 

8, 300 

3,200 

16 

50 

2, 220 

11,400 

8,220 

3, 500 

6,040 

4,040 

9,320 

14, 100 

2,700 

5.200 

3,600 

23 

51 

2,840 

8,420 

13,000 

4,650 

6, 810 

3,430 

7, 300 

11,800 

2,200 

4,900 

3,700 

31 

32 

f 2, 700 (23, 500 

5,900 

3,510 

7, 770 

3.S20 

7,000 

31,000 

2,600 

5,200 

3, 100 

Ma^. daily cfs 


,20, IDO 

36, 400 

50.200 

70. 500 

45,200 

21,600 

35,000 

57 , 500 

48, 500 

46, 000 

61, 600 

Min. daily cfs. 


368 

1,310 

1,470 

3, 160 

2,240 

812 

1,130 

1,020 

1,390 

1, 670 

1,230 

Mean for year cfs 

3,690 

5,380 

6,S60 

9,190 

9:330 

4,580 

5,000 

7,690 

6,280 

5, 900 

7, 060 
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Table 4. — Natural flow, by weeks, of the French Broad River 
at Douglas Dam site — Continued 

MEAN ^yEEKLY DISCHARGE IN CUBIC FEET PER SECOND 


w 

oek ending 

Week 

1936 

1937 

193S 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

. 

Jan. 

7 

1 

13. 100 

32, 200 

8, 300 

4, 950 

1. 630 

6. noo 

3. 980 

17,000 

0,990 

13, 000 


14 

2 

18. 900 

15.100 

5, 800 

5, OGO 

1,790 

3, 930 

2,420 

0,710 

3, SOO 

8, 260 


21 

3 

29.000 

25, m 

4. 800 

5,510 

3,120 

3,860 

3, 310 

9,940 

5, 2.50 

6. 400 


2g 

4 

13, 200 

19,200 

9,000 

5,320 

2,050 

4, 280 

.3, 220 

10,900 

3,050 

5,590 

Feb. 

4 

5 

10, 200 

14,700 

7. 600 

14,200 

2.180 

3,710 

3. 670 

16,100 

2,760 

3, 740 


11 

6 

19, 100 

16, 100 

6.700 

19, 900 

2,910 

3,180 

6,290 

21, 600 

6,760 

4, 360 


18 

T“ 

15. 700 

12,000 

9,700 

26,000 

4,130 

3, 190 

6, 720 

10,000 

16,300 

19, 300 


25 - 

8 

11, 200 

10,400 

8. 100 

11.300 

7,290 

2,650 

7,640 

7,600 

16,300 

18,000 

Mar, 

4 

9 

8,400 

9.1QQ 

8. 600 

13, 200 

6.0.30 

2,660 

4,490 

a, 150 

17,400 

12,000 


11 

10 

7,800 

9,000 

16, 390 

18, 800 

5,620 

6,920 

13,300 

5.530 

11,000 

11, 500 


18 

11 

7, 000 

7. 500 

12. 200 

9. 770 

6, 690 

7,140 

IS, 100 

10, 200 

7.900 

6,060 


25,. 

12 

23. 100 

7,100 

9,800 

6, 810 

5,960 

4,230 

10, 100 

21, 6i0 

16, ICu 

7,230 

Apr. 

1 

13 

37. 200 

6,200 

8,060 

6.410 

5,810 

6,520 

6, 430 

12.300 

24,200 

14,000 


8 

14 

38. 200 

G. 300 

6. 900 

7, 530 

6.290 

6,840 

4,780 

6.890 

10.400 

7,970 


15 

15 

20, 600 

7,500 

7,000 

6, 730 

5,720 

5,050 

4. 350 

7,000 

12.200 

5,000 


22 

16 

10, 600 

6,500 

6,900 

6,090 

11, 700 

3,880 

3. 570 

10,500 

9,800 

9,190 


29 

17 

8, 400 

8,200 

7, 2uG 

6,190 

9,9S0 

5,850 

.3, 240 

9,010 

8,870 

8,710 

May 

0 

18 

G. 900 

7, 50C 

5,000 

5, no 

4,910 

3, 830 

3,380 

5,970 

6. £10 

8. 260 

13 

10 

5,800 

6,200 

4, 100 

4,520 

4.170 

3,280 

3,000 

6,640 

6.010 

8, 12u 


20 

20 

5,600 

0,200 

4,300 

4, 100 

3,460 

2,590 

5,680 

7,5a' 

4,860 

10, 700 


27 

21 

4,400 

5.300 

7, 4u0 

4, 320 

3,050 

2,070 

17,600 

7,290 

4.940 

6, 570 

June 

3. 

22 

3, 6C0 

5,000 

7,600 

5,190 

2,610 

1,870 

6, 100 

5,400 

4,730 

4,210 


10 

23 

3,500 

5,000 

6,000 

5,700 

2, 510 

1,900 

5,410 

4, 640 

5, IDO 

4,650 


17 

24 

4,100 

4,200 

4,700 

3. 750 

3,490 

3,000 

7,960 

5,170 

3,490 

4,940 


24 

25 

2,700 

4,100 

5, 5G0 

3,210 

3,750 

1,650 

4,740 

4,ClU 

3, 100 

6,640 

July 

1 

20 

2,000 

3, ICO 

5. IQO 

2. 890 

2,990 

1,S40 

3,800 

6,870 

2,350 

3,330 


• 8 

27 

3,600 

3, 600 

3, 800 

3, 570 

3.49U 

6, 350 

3,600 

10, 200 

2,080 

1 3,440 


15 

28 

2,600 

3, 200 

4, 700 

4, 62u 

4,u20 

9,076 

s,sn 0 

8,230 

2,750 

3,980 


22 

29 

4.300 

3, 500 

7,500 

2,500 

6,520 

12,6o0 

3,490 

5, 350 

3,160 

, 3,660 


29 

30 

2,700 

3,200 

17, 900 

3, 120 

3, 530 

5,010 

5,120 

5,00u 

1.990 

4,460 

Aug. 

5 

31 

3, 600 

I 4,300 

8,400 

3,190 

6j 800 

3,750 

i 4,620 

5,590 

2. 510 

i 8,070 


12 

32 

4,700 

4,500 

a 000 

2.920 

4,600 

3, 570 

8,040 

3,930 

2,370 

7,670 


19 

33 

3. Guo 

1 5,400 

6, 200 

4,310 

32,200 

2,610 

! 6, 900 

6. 670 

2,780 

i .3,410 


25 

34 

2,400 

‘ 5,600 

3. 800 

6,160 

6,540 

2,990 

1 9,220 

2,740 

1,570 

^ 4,120 

Sept. 

2 

35 

2,800 

! 6,200 

3, 100 

2,960 

29,500 

2,410 

4,420 

2,580 

1,350 

2,870 


9.... 

36 

4,200 

, 7,400 

3, 600 

, 2. 590 

9,200 

2,110 

5,810 

2,740 

1,780 

j 2,720 


10 

37 

2,500 

' 6,600 

3, 600 

1,740 

4,940 

1,990 

^ 5,660 

1.810 

1.9l0 

! 4,320 


23 

38 

2, 200 

3, 500 

3,000 

1,780 

3,690 

1, 380 

3,960 

3,060 

1,890 

^ 10,400 


30 

39 

3, 100 

‘ 2,800 

2,500 

i 1,520 

3,290 

1.280 

! 6,u70 

1 2.0SU 

6,040 

3,750 

Oct. 

7 

40 

7,000 

1 3. CoO 

2, 600 

, 2,010 

2,640 

1,140 

1 4,400 

1,690 

6,200 



14 

41 

8,600 

' 3,500 

1,800 

■ 1,520 

2,670 

1,160 

i 3,140 

1 1.590 

1,990 



21 

42 

17,900 

, 7,700 

1,600 

, 1,370 

2,720 

1,U80 

• 2,990 

1,730 

4,870 



28 

43 

6,700 

10, 200 

1. 800 

1 1,430 

2,210 

1, 260 

i 3.990 

2,020 

.5,060 


Nov. 

4 

44 

4,400 

1 8,000 

1, 600 

1 1,410 

3,880 

2,200 

1 4,500 

2,390 

2,290 



11 

45 

4,600 

! 4,400 

5,000 

’ 1,160 

3,020 

1,730 

3,370 

3,050 

2,390 



18 

1 46 

5,200 

1 4,600 

2,200 

i 1,370 

3.190 

1,380 

: 3,160 

2,250 

3,430 



25 

47 

3, 900 

1 3,9C0 

5, 600 

: 1,680 

2,510 

1, 740 

’ 2.940 

1.910 

3,360 


Dec. 

2 

48 

3, 300 

4, 100 

4,000 

’ 1,550 

2,790 

1,620 

i 3,750 

1,760 

6,110 i 



9 

49 

6,200 

3.6u0 

3, 100 

1, 480 

2,580 

3,890 

11,000 

1,830 

4,490 1 



10 

50 

6,600 

4,. 00 

3.400 

1,560 

2,610 

2,390 

! 0,880 

2,630 

4,641) 1 



23 

51 

8, 200 

4,600 

2, 900 

1,670 

3, 630 

2,310 

5,49U 

1,540 

4.290 i 



31_ 

52 

7,300 

7.800 

5,30U 

2,260 

6,320 

4,470 

,2G, 900 

3,900 

8,290 i 


Max. 

daily cfs 


71, 300 

58,800 

35,1U0 

38,300 

79,700 

15,500 i 





Alin. 

daily cfs 


1, 630 

2, 020 

1,270 

1,020 

1,100 

879 





Mean for year cfs 


8,920 

7.490 

5.930 

5,280 

5,380 

3,530 

5,970 

6,350 

5, 950 



Drainage Areas: Douglas Dam, 4,541 square miles; Dandridge, 4,44G square miles. Prom January 1, 1939, 

to March 11, 1942, flows were ' ■ ' v .n, -r.., . . ^ "’ennessee, gage, 

■ i ' changes in ' ■ ■ i drainage areas, 

2, 1942, flo : Douglas Dam, 

Tennessee, gage, drainage area 4,543 square miles, corrected for storage' changes in Waterville and Douglas 
Reservoirs. 
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Figure 6. — Douglas Dam tailwater rating curve. 


SELECTION OF SITE 

Although the Douglas project was of great impoi^tance to the 
national defense program, it became obvious that the site should be 
selected primarily with regard to its suitability in the long-time mul- 
tii^le -purpose program. The large drainage area to be controlled 
made it imperative that the dam be placed as near the mouth of the 
stream as satisfactory dam and reservoir sites would permit. 

In House Document Ho. 328, list Congress, 2d session, the Corps 
of Engineers recommended sites at Hiker’s Ferry, mile 28.8 and at 
Dandridge, mile 41.8. Hot only were the foundations and abutments 
at these sites questionable, but also both dams were required to provide 
the minimum storage considered to be desirable and the maximum 
reservoir level required at the upper site would have obliterated the 
greater portion of the town of Dandridge. 

A site that was favorable topographically was found at Douglas 
Bluff, mile 32.3, and preliminary drilling indicated that although 
cavities existed throughout the site they could he successfully treated 
at not too great cost. 

Studies showed that the maximum feasible pool level at Douglas 
Bluff would provide satisfactory storage but would not inhibit the 
protection of Dandridge or involve excessive costs for relocation of 
highways and railroads, Since the site at Douglas Bluff was the 
only one on the river that met all requirements to any reasonable 
degree, it was finally selected. 

RESERVOIR ELEVATIONS 

Tlie original studies contemplated a dam with crest gates at eleva- 
tion ddi and a minimum reservoir level of 934. It was estimated 
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that this would provide 1,230,000 acre-feet of couti'olled storage. A 
surcharge of o feet to pass the maxiniiiiii flood would have added 

150.000 acre-feet of uncontrolled storage. 

More detailed topographic surveys indicated that these estimates 
of volume were too high and accordingly the top of gates was raised 
to elevation 1002. This provides a controlled storage volume of 

1.311.000 acre-feet down to elevation 935, which is the level established 
for flood conti’ol on January 1. In extremely dry 3"ears a further 
draw-down to elevation 920 provides a total useful storage volume 
of 1,420,000 acre-feet. 

The southwesterly rim of the reservoir is formed by a chaiii of 
low lying shale hills of considerable extent. Elevation 1002 required 
saddle dams in the gaps between a number of these hills. A higher 
pool level would have increased the number and size of these dams, 
as well as increasing the length and decreasing the effectiveness of the 
barrier presented by the hills themselves. Figure 7 shows the area 
and volume curves for Douglas Beservoir. 

AREA- 1000 ACRES 



Figure 7. — Heservoir areas and volumes. 

TYPE OF STRUCTURES 

Description of site 

The dam is located at a convergence in the valley bottom to a width 
of approximately 950 feet in an otherwise broad, flat, and fertile 
flood plain (fig, 8). The river channel at this point is only about 
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500 feet ^ide. The left or south bank rises rather steeply to eleva- 
tion 950 and then continues on a gentle slope to about elevation 1060. 
Eight earth embankments or saddle dikes were required to close 
depressions along the shale ridge forming a continuation of the left 
abutment. The right bank shows more evidence of a flood plain 
in the over-bank area, and its slope rises gradually and uniformly to 
well above elevation 1100. Bedrock in tlie vicinity of the dam site 
consists of gi-ay dolomite and light gray to blue limestone. 

General layout 

The configuration of the site is well adax)ted to the same general 
layout as used at Cherokee Dam. The powerhouse was located on the 
right flood plain where the excavation was moderate, with the spillway 
reaching across the river to the abrupt rock cliff at the left abutment. 
These structures are flanked by concrete gravity bulkbeacl sections. 



Figure 8. — Douglas Dam site, looking upstream. 


The powerhouse is a duplicate of that at Cherokee. The Francis- 
type turbines, two of which were installed initially, are rated at 41,500 
horsepower at 100-foot head. Provision was made for a third unit in 
the powerhouse building and a bulkhead opening was provided 
through the dam for the installation of a possible fourth unit. 

The spillway is also a replica of the one at Cherokee except that 11 
gates are used instead of nine and that the height isn’t as great. 
Eight sluiceways are provided to maintain the reservoir at low ele- 
vation during the floor season. 

_ Ihe use of the Cherokee design in this manner not only saved the 
tune of designers and draftsmen who were hard pressed, but also per- 
mitted duplication of both permanent and construction equipment, but 
repetition of the same job greatly simplified the work of the construc- 
tion forces. 

Eight low saddles along the southwest rim of the reservoir, to the 
south of the mam dam and between Flat and Millican Creeks were 
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closed witli earth dikes or so-called saddle dams. The first one anci 
the largest crosses the head of Flat Creek and required about 0OO5OOO 
cubic yards of rolled earth fill. All of these dikes are fully riprapped 
on the upstream face. A tabulation of the principal data relating to 
all structures is contained in appendix A. The general scheme of 
development is shown in figure 14. 

Spillway capacity 

The flood of March 1807' and that of February 1875 were the largest 
known at Dandridge and probably readied about the same stage there. 
The maximum discharge for both floods is estimated at 150,000 cubic 
feet per second at both Dandridge and the clam site. The floods of 
1901, 1902, and 191G were all several feet loAver than the 1SC7 and 1875 



Figure 9. — Maximum estimated flood on the French Broad River — Douglas Dam site. 

stages. The design flood for Douglas is based on the theoretical 
formula of 5,000 times the square root of the drainage area, or 337,000 
cubic feet per second. An assumed liydrograph for this flood is shown 
ill figure 9. The spilhvay Avill pass 325,000 cubic feet jier second with 
all gates open ancl headwater at elevation 1002. In addition to the 
11 crest gates, 8 outlet sluices through the dam have a total capacity 
of about 29,000 cubic feet per second Avith the reservoir at elevation 
1002 and tailwater about elevation 920. The spillway capacity, there- 
fore, at normal reservoir leA^el is approximately 354,000 cubic feet per 
second, exclusive of any flow passed through the turbines. Under this 
condition the level of the water in the reserAmir Avill be 15 feet below 
the top of the embankments. Figure 10 sIioaa^s spilhvay and outlet 
conduit capacities as designed. Subseaiient calibration of the spillway 
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openings sliowed that actual discharges were about 7 percent higher 
than the design curves indicate. 

Dandridge dike 

Jefferson County, Teiin., had a population of about 18,000 in 1940; 
and the county seat, Dandridge, wnis the home of approximately 500 
people. Both the town and the county showed less than 10 percent 
gain in population during the two census periods between 1920^ and 
1940. The total estimated direct damage to the town of Dandridge, 
if unprotected from the reservoir, was estimated at not less than $465,- 
000. All the business district, the courthouse and jail, and about 
1,000 feet of the main higliway through the town are below the maxi- 
mum water level of Douglas Reservoir. Most of tlie residential dis- 
trict, including schools and churches, is well above maximum reservoir 
level but would have suffered substantial indirect damage even though 
located on the surrounding liills. 



Figure 10. — Douglas Dam spillii'ay and outlet conduit capacities. (Calibration of 
prototype indicated these capacities should be increased approximately 7 percent.) 


The two creeks flowing through the town drain, in all, 550 acres. 
They join near the center of the business district to flow through a 
narrow defile into the French Broad River. The protective dike that 
was built across the lower end of ci-eek valley left the town practically 
undarnaged except for nine low-price residences and two small business 
est ablislunents : also, state and county roads required only minor 
adjustments to accord access to the new county bridge across the river 
at Dandridge. ISIinor adjustments were necessary Lo the existing 
street, water, and sewer systems in the town. Figure 11 shows the 
completed dike and a portion of the towm of Dandridge in the back- 
ground. 

In addition to constructing the dike, tlie TVA maintains and oper- 
ates the protective works. 

The dike was built to elevation 1009, or 7 feet above the top of the 
ci’est gates on the dam. It was located as close to the river as the outlet 
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slopes would, permit in order to involve the minimum amount of street 
adjustment and building relocation. 

Two small diversion dams and conduits were designed to divert the 
run-off from all but 55 acres of the area drained by the creeks around 
the end of the main dike for discharge by gravity into the main reser- 
voir. The capacity of the conduits is equivalent to a stoinn run-off of 
2 inches per hour. The frequency of a storm of this intensity is esti- 
mated to be about once in 100 years. The remaining run-off collects 
in the natural creek cliamiels behind the dike and is pumped into the 
reservoir. The pumping plant has a capacity for removing 12 inches 
of water per day from the 55 acres of undiverted watershed. Run-off 
temporarily exceeding pump capacity can be stored behind the dike 
to elevation 976, a level 4 feet lower than the deepest basement in the 
town. During most of the year the water level in the main reservoir 
will be low enough to permit the internal drainage to discharge by 
gravity directly into the reservoir through a headgate and outlet 
culvert incorporated in the pumping plant. 



Figure 11. — Dandridge dike, showing a portion of the town in the background. 


RESERVOIR CLEARING LINES 

The reservoir was to be drawn down to elevation 935 by the 
beginning of the general flood season every year. Elevation 930 vras, 
therefore, established as the lower clearing line above which all trees, 
fences, buildings, and similar obstacles were removed. Although 
the reservoir may occasionally be drawn as low as elevation 920 for 
power releases, such conditions will occur probably after the usual 
recreation season. Elevation 1002, the top of spillway gates, was 
established as the upper clearing line. 

FLOOD CONTROL 

With a drainage area above Douglas Dam equal to 21.2 percent of 
the total drainage area above Chattanooga, the French Broad River 
has contributed heavily to all major floods there. Figure 12 shows 




SEASONAL DISTRIBUTION 

Figure 12. — Distribution of floods at Dandridge, Tenn. 
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tlie distribution of floods at Daiidridge. Higb-Avater marks on botli 
tlie lower French Broad Ewer and the Pigeon and Nolichucky 
branches show that the French Broad was a major factor in the big 
floods of 1867 and 1875, the two highest of record at Chattanooga. 
High stages along the lower French Broad were also encountered in 
the flood of 1917. The relation of peak flows on the French Broad 
Biver at Dandridge to those on the Tennessee at Chattanooga during 
two large floods is shown by the following recorded flows : 


Date of flood 

Peak flow at 1 
Chattanooga, 
cubic feet 
per second 

Peak flow at ! 
Dandridge, 
cubic feet 
per second 

Ratio percent 

April 1920 - 

1 

298.000 i 

220.000 i 

1 

84,500 

70,000 

2S.3 

AprilTvJSO - - 

31. S 



Note.— These figures indicate that the ratio of peak discharges on the French Broad at Dandridge and 
the Tennessee at Chattanooga has been suhstantiaOy greater than the proportionate size of their relative 
drainage areas. 
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Figure 13. — Reservoir operation diagram. 


Estimates compiled for flood yolumes on the rarious tributaries 
of the Tennessee Eiver during the Chattanooga floods of 1917, 1918, 
and 1920 indicate that the French Broad River contributed on an 
average of about 14.1 percent of the total flood flow at Chattanooga. 
In a series of nine floods, for which complete data are available, 
the French Broad contributed on an average of 15.7 percent of the 
total flood flow at Chattanooga. The records show that the French 
Broad consistently contributes a proportioiiat^ely larger volume of 
flood discharge than any of the four major tributaries above the 
city. 

According to the rule curve devised for the multipurpose operation 
of Douglas Reservoir (fig. 13), the following storage capacities are 
reserved for flood control during the winter and early spiring season : 
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Date 

Above ele- 
vation 

1 

Storage vol- 
ume, aere- 
feet 

Equivalent 
inches depth 
on water- 
shed 

January 1- . * 

935 

1, 311, 200 

5.41 

March 15 - - 

958 

1, 019, 800 
804, 800 

4.21 

April 1 

970 

3.33 







NAVIGATION 

An analysis of watei'-borne traffic potentialities on the Tennessee 
Eiyer tributaries, made in 19.1:0, indicated that navigation improve- 
ment on both the Trench Broad and Holston Eivers will probably 
never be economically feasible since both rivers serve virtually the 
same trade and manufacturing areas. Later analyses indicate that 
while canalization of the Holston River may someday be justified, the 
same in all xirobability will not be true for the French Broad River. 
No provision was made either for a future lock at Douglas Dam or to 
provide a minimum depth of channel in the ux)per reaches of the 
reservoir. During construction, the reservoir was prex^ared for the 
safe navigation of small craft, as explained in chapter 6. 

Recommended clearances for bridge crossings within the reservoir 
area (table 36) were set to conform with the standrd clearances for 
secondary channels adoxDted by the TVA in November 1941, with the 
exception that a minimum horizontal clearance of 100 feet was re- 
quired in conformity with the rules of the United States Corps of 
Engineers. These clearances are sufficient for malaria control boats 
and for most pleasure craft with the possible exception of sailboats. 
Since no bridges exist in the lower x^art of the reservoir where con- 
ditions favorable for sailing are found, the adopted vertical clearance 
of 15 feet above maximum pool and 100 feet horizontal clearance are 
considered sufficient for the Douglas Reservoir. 

Releases from Douglas Reservoir will aid in maintaining mininium 
depths for commercial navigation on the Teimessee, the Ohio, and the 
Mississipxm Rivers. 

POWER 

Provision "was made for an ultimate station generating capacity 
of from 112,000 to 120,000 kilowatts in four units. The first unit to 
be installed at Douglas was originally ordered for the Cherokee 
project. By transferring this unit to Douglas, dependable power 
was assured for wartime use at a much earlier date than would other- 
wise hare been possible, A second unit of equal cax:)acity and dupli- 
cate design was later erected to complete the initial installation of 
two umts. Both turbines are rated at 41,500 horsepower at full gate 
Sa ^ generators have a capacity of 

30,000 kilowatts each with a 60 degrees centigrade temperature rise 
and 0.9 x>ower factorj 

lifter releases from the reservoir will generate energy not only at 
the Douglas plant but also at all down-river plants. The total head 
at all these plants, including Douglas, through which storage release 
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will flow, is approximately 580 feet tinder average operating 
conditions. 

It was estimated that the construction of the Douglas development 
would make available an additional 100,000 kilowatts of continuous 
power to the TYA system when operated primarily for power, as a 
part of the war emergency powder program. 

Under multipurpose operation a substantial portion of the resei*- 
voir volume will be reserved for flood -control storage during the winter 
and early spring season (see fig. 13), With this type of reservoir 
control the primary energy contributed to the sy.stem will be sub- 
stantially less than wdien operating primarily for jiGwer and will 
result in a corresponding increase in secondai^^ and dump energy. 
Under such conditions it was estimated that the Douglas project, with 
an initial installation of two units, will contribute 41,000 continuous 
kilowatts to the potential primary output of the system, including 
the additional power generated from the released water at the down- 
stream plants. On an average, the output of the TYA system would 
be increased by aiiproximately 370,000,000 kilowatt-hours annually. 

During the period of emergency operation, the entire cost of the 
Douglas project was charged to power only. Subsequently, under 
multipurpose operation the capital cost was distributed between flood 
control, navigation, and power. Under such allocation the cost of 
primary energy at station switchboards was estimated at 2.36 mills per 
kilowatt-hour. This unit cost includes a credit for the value of sec- 
ondary energy converted to |) rimary and also includes the cost of 
the additional generating capacity installed at down-river plants for 
the purpose of developing the additional primary energy available 
at a 70 percent load factor. 

The two turbines initially installed at Douglas were designed to 
operate at Cherokee with best efficiency under a head of about 110 feet. 
Under conditions at Douglas the optimum head for best efficiency 
will be more nearty 90 feet. Therefore, with the future installation 
of a third unit it will be possible to increase the efficiency of the over- 
all water-use at Douglas by rating the new turbine at a somewhat 
lower head. A third unit like the two now installed would increase 
the secondary and dump energy output by a total of 40,000,000 kilo- 
watt-hours ill an average year and with no increase in primary energy. 
On the other hand, a third unit designed for best efficiency at a 90- 
foot head will increase the potential primary power at Douglas by 
about 2,000 continuous kilowatts and also provide approximately the 
same average annual amount of secondary and dump energy, or 
40,000,000 kilowatt-hours. This would increase the primary power 
contributed by Douglas Keservoir to 43,000 continuous kilowatts and 
raise the average annual increase in system outj)ut to around 43,000,000 
kilowatt-hours. 

Estimates were based on stream flow during the 12-year typical 
period (1921 to 1932, inclusive) with allowances for water and utili- 
zation losses but with no deductions for transformation and trans- 
mission losses. 


SOCIAL AND ECONOMIC STUDIES 

The effect of Douglas Eeservoir upon the general economy of the 
region as related to population displacement, agriculture, forestry, 
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industry, recreation, transportation, and local government finances 
was carefully studied. The studies, prepared largely by the TVA, 
presented faunal data on the general benefits of reservoir construc- 
tion in comparison 'vvitli the detriment to agriculture in inundating 
large blocks of fertile land. 

The four Tennessee Counties of Cocke, Hamblen, Jefferson, and 
Sevier, in which the reservoir lies, were considered as constituting 
the Douglas region. The wide and fertile bottom lands along the 
French Broad River made this region one of the most productive 
farming areas in east Tennessee, with a total population in 1940 of 
84,606. 

Population 

Eighty-three percent of the total population was classified as rural. 
Seven hundred fifty-seven families lived on farms which were covered 
wholly or partly by Douglas Reservoir, and approximately 700 fam- 
ilies were displaced from reservoir lands. Sixty percent of the total 
families were those of tenant farmers. Construction of the large 
protective dike at Dandrklge eliminated one of the most serious popu- 
lation reacljiistment problems. The growth in population in the 
region is given in table 5. 


Table 5. — Population of the Douglas region,^ 1920-40 


Town and county 

1940 

1930 

1920 

Percent change 

1930-40 

1920-30 

1920-40 

Cocke County - 

24,083 

21,775 

20, 782 

10,6 

4.8 

15.9 

Newport 

3, 575 

2,989 

2,753 

19.6 

8.6 

29.9 

Hamblen Count v. - 

18,611 

16,610 

15, 056 

12.0 

10.4 

23.6 

Morristown 

8,050 

7,305 

5, 875 

10.2 

24,3 

37.0 

Jefferscm County 

18,621 

17,914 

17, 677 

3.9 

1.3 

5.3 

J effersoTi City. 

2,576 

1,89S 

1, 414 

35.7 

34.2 

82.2 

White Pine 

497 

510 

421 

-3.7 

22. G 

1S.1 

Dandridge 

48S 

440 

439 1 

9.4 

1.6 

11.2 

Sevier County.. 

23, 291 

20,480 

22, 384 1 

13.7 

-8.5 

4.1 

Seviervillu,. 

1,161 

882 

776 ' 

31.6 

13.7 

49.6 

Total... 

84,606 

76,785 

75, 899 

10.2 

1.2 

11.5 


1 From United States census figures. 


Agriculture 

Lands adjacent to and within the reservoir had been farmed for 
over 150 years. Jefferson County alone contained 129,000 acres, of 
which about 85 percent wnis in active cultivation. Of the 33,160 acres 
finally acquired for reservoir fiowage, approximately 75 percent was 
in Jefferson County and constituted a little over 19 percent of its arable 
land. 

The more productive and easily worked bottoms loroduced 40 to 50 
percent of the vegetables packed by four local canning plants. In 
addition to supplying a ready market for truck crops, these camieries 
furnished part-time employment to a large number of farm families. 
Data given in tables 6 and 7 were assembled by local citizens directly 
interested in agtueultiiral production in the area. 
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Table 6. — Farm products sold each year from farms affected by the 


Douglas Dam Reservoir 

Number of farms 324 

Number of acres 30, 742 

Number of faimlies living on farms 757 


Value of field corn, sweet corn, small grain and hay $210, 104. 00 

Value uf vegetables i;J0, 000. 40 

Value of tobacco 99, 200. 00 

Value of livestoch and livestock products 574, 2S5, 04 

Value of fruits 3 1, 100. 0 0 

' iToiSTsdoToi 

Farm products consumed by the 757 families on the 00,742 acres 22G, 100. 00 

Estimated total value of farm products 1, 271, 4o0. 04 


Wliile this table probably constitutes the most reliable information 
that can be reasonably compiled, several factors require explanation. 
The total of 60,742 acres was in 7o7 farms either wholly or partly cov- 
ered by water; but only 33,160 acres were actually acquired for the 
reservoir, 30.4 percent in fee and 69.6 percent by flowuge easement. The 
remaining 27,582 acres are still open to unrestricted use. ^ The income 
from livestock and livestock products is derived in xiart from the sale 
of feed by farmers living within or outside the reservoir area and its 
real value is probably credited twice, first as a field crop and second in 
livestock production. An average gross income of over $210 an acre 
at 1946 market prices is shown and would indicate a banner year 
rather than an ordinary one. Farm management studies show operat- 
ing exi)enses approximate 50 percent of gross receipts. After due al- 
lowance for these factors the gross farm income was x)robably in the 
neighborhood of $400,000 per year ofi the area inundated. T?his loss 
of farm land is offset measiireahly by the improved agricultural j^ro- 
gram and new recreational opportunities in the area surrounding 
Bouglas Reservoir. (See “Agriculture,” p. 322, and “Recreation,” 
p. 323.) 


Table 7. — Selected agricultural data for the Douglas 4-county region, 1930 and 1940^ 


Item 

Douglas 

region 


County 


Cocke 

Hamblen 

Jefferson 

Sevier 

Number of farms; 





3, 422 

1940 - 

' 10, 518 

3, 119 

1,853 

2, 124 

1930 

! 9, 343 

2,707 

1,501 

2,204 

2,931 

Percent change 1930-40 

12.6 

15.2 

23.5 

-3.6 

16.8 

Total approximate land area 1940 (acres)... 
All land in farms: 

1 978, 560 

277, 760 

111, 360 

203,520 

385, 920 






1940 (acres) 

! 679, 468 

180, 608 

104, 37.5 

172, 135 

222, 450 

Ratio, farm land to total 

69.4 

65.0 

93.7 

84.6 

57.6 

Average size of farms (acres): 

1940 j 






64. G 

57.9 

56.3 

Sl.O 

65.0 

1930 - 

75.1 

72.8 i 

68.8 

SO.l 

76. S 

Land available for erops:^ 



81,367 


134, 203 

1939 (acres) 

459, 234 

114,755 

128,909 

1929 (acres) 

441, 326 

108,317 

73,020 

129, 192 

130, 797 

Percent change 1929-39 

4.1 

5.9 

11.4 

-0.2 

2.6 

Land available for crops per farm (acres): 


36.8 

43.9 

60.7 

39.3 

1939 

43.7 

1929.. 

47.2 

40.0 

48. C 

58.6 

44.6 

Farm operators reporting nonfarm work 
for pay: 





1, 425 

1939 (number) - 

3,344 

937 

422 

560 

Percent of all operators 

31.8 

30.0 

22.8 

20.4 

41.6 

Average days worked 

130 

126 

197 

129 

114 


1 United States Census of Agriculture, 1940, first and second series. 

2 Consists of cropland harvested, crop failure, cropland idle or fallow, and plowable pasture. 

794091 — 49 4 
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Forestry 

Timber resources of tlie region suffered little if any loss clue to the 
Douglas project. In 1940 about T5 mills operating in the 4-county 
region cut approximately 24,000,000 board feet ; and three small porta- 
ble mills operating in the reservoir area cut only 320,000 board feet, 
or less than 2 percent of the total cut. The problem of transporting 
timber to vroodworking industries' outside the region was negdigible. 

Industry 

The most important industries in the region, based on the number 
of employees, are textile, food-processing, and woodworking estab- 
Hshments, The zinc mines in Jefferson County are located too far 
away from the reservoir to sustain any damage. The industries 
vitally affected were the food-processing plants. Of the four can- 
neries located near the reservoir, only one was flooded out. The 
Stokely Bros. x)laiit in Cocke County is still one of the largest can- 
neries in the south. All the canneries, however, were affected by 
loss of production from lands inundated. In addition to the 1 small 
cannery, 11 gristmills, 3 sawmills, and 1 meat-packing plant were 
below the reservoir level. These 16 displaced industries employed 
about 10 full-time workers and 62 part-time workers and did a gross 
business of about $3f32,000 a year. 

Recreation 

Host of the wooded area in the region is within the Great Smoky 
Mountains iSiatianal Park and the Cherokee National Forest. The 
former, with the highest mountains east of the Rockies, is a major 
tourist attraction. Although the reservoir was very close to the 
national park and foi^est, it had very little recreational development. 
Lying as it does on two main routes of travel to the southern Appala- 
chian Mountains, Douglas Reservoir offers now substantial recrea- 
tional opportunities. The lake has become one of the noted fishing 
resorts of the valley. It has a maximum width of 1.5 miles, which is 
exceeded by only two other storage projects. Its shores offer sj^ec- 
tacular views of the high mountains to the south. Under multi- 
purpose operation the water surface will rise during a dry year to 
‘ajxnit elevation 975 by May and recede to about elevation 940 in 
December, imcler which conditions the lake may occasionally be too 
low during the sjummer season for attractive recreational use. ' During 
years of average run-off the lake will remain nearly full throughout 
the usual recreational season. Being readily accessible to both local 
and tourist patronage over an excellent system of federal, state, and 
comity higliAvays, it should draw a large number of tourists and. vaca- 
tionists from outside the area due to being contiguous to the Great 
Smoky ^Mountains and being wutliiii 1 day's journey from pojiiilous 
noithern and eastern^ cities.'' It has a potential day-use patronage 
from approximately T5,0U0 people living in nearby communities and 
centers. 

Highways and railw^ays 

Existing systems were all improved, and those remaining above the 
re^rvoir were not abandoned or dislocated by construction activities. 
Highway V S 25E had to be relocated for a distance of about 4 miles, 
and the highway bridge crossing the Frencdi Broad River on this route 
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was raised. United States Highway 70 was raised for a distance 
of about 0.4 mile, and the Swann Bridge over the French Broad River 
on this highway was raised from 32 to 41 feet. County road adjust- 
ments included two major bridges and many small culverts and side- 
road approaches. Actual mileages of roads reconstructed by TVA in 


the Douglas Reservoir area are as follows : 

Miles 

Access road 4. OT 

Access roads improved and surfaced IS, 23 

State liigliways o. 34 

County highways : 

Principal county highways 3.j. 04 

County highways resurfaced 2.90 

Tertiary roads 12. 66 

City streets .39 

City streets resurfaced 1. 14 


Total for project : 79. 77 


The Southern Railway track from Leadvale to New'port, extending 
for about 9 miles through the reservoir area, was elevated; and the 
railroad bridge over the French Broad River at Leadvale was raised. 
While several small rural communities were inundated, no highly 
developed residential areas were damaged to any extent. 

Effects on local government finances 

Adjustments in the services and finances of Jefferson, Cocke, Sevier, 
and FTamblen Counties were necessary. Dandridge, the only incorpo- 
rated town within the reservoir area, was protected by a large dike ; 
and the direct effect of reservoir construction upon the towm was one of 
improvement rather than real loss. No other local taxing miits were 
located adjacent to the reservoir. 

Financial data for four counties during the fiscal year ending 
August 31, 1941 j are shown in table 8. 


Table 8. — Financial data for counties in the Douglas Reservoir 


Explanation 

County 

Jefferson 

Cocke 

Sevier 

Hamblen 

Total assessed valuation 

S7, 487, 000 
2.47 
361, 000 

$7,279,000 
2.52 
373, 000 

$3, 666, 000 
3.42 
364,000 

$7,991,000 

2.19 

275,000 

Revenues, total 


210, 000 
142, 000 

201, 000 
172, 000 

161,000 

203,000 

178,000 
97, 000 

State aid- _ __ 

Expenditures, total 

377,000 

429, 000 

379, 000 

327, 000 

School purposes — 

Highway purposes 

General purposes 

Debt service 

158, 000 
79, 000 
44, 000 
96, 000 

170, 000 
65,000 
“ 67, 000 

127,000 

172,000 
76, 000 

34. 000 

97.000 

118, OOO 

58.000 
103,000 

48.000 

Net bonded debt, total 

Per capita 

864, 000 
46 
11 

906, OOO 
38 
12 

599. 000 
26 
16 

410, OOO 
22 
5 

Ratio to assessed valuation percent.. 


Revenues from local sources were derived mostly from the taxation 
of real property and provided a major portion of the total income 
of all counties except Sevier ,were state aid accounted for 55 percent 
of the total receipt^, ....-(In the^above tabulation TV A payments in 
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jieii of taxes are combined Tvitli property taxes.) Excess of expendi- 
tures over receipts was customarily made up by increases in the floating 
debt, and the net bonded indebtedness per capita for every county 
except Hamblen is comparatively high. - The per capita public debt 
of Jefferson County is fourteenth in the list of 95 counties in the state; 
and that of Cocke County, twent^T’-fonrth. Refunding, rather than 
retirement of former honcl issues, tended to increase the total bonded 
indebtedness out of proportion to the facilities rendered. 

Hough estimates of the assessed valuation and annual county tax 
levies applicable to purchase area in each county were as follows: 


Coimty 

Assessed valu- 
ation 

Annual comity 
taxes 

Jefferson 

$1, 440, OOO 

248. 000 

100. 000 
30. 000 

$35, 600 
6,300 
3,400 
650 

Cocke -- - - - _ „ _ 


Hatnbien- - - - 



Taxes on reservoir lands amounted to about 10 percent of the 
total revenues for Jefferson County and less than 2 percent in the 
other three counties. No immediate reduction in tax receipts oc- 
curred, however, because during the war emergency operation all 
reservoir lands acquired for the project were temporarily allocated 
to power purposes, and the full amount of former land taxes was 
included in the computation of minimum payments in lieu of taxes. 
Under multipiu'pose use, 40 percent of the coast of reservoir lands 
is allocated to power, and payments in lieu of taxes are computed on 
that portion. Loss of taxes on the remaining portion allocated to 
public use is of imx^ortance to Jefferson County only, since a very 
small x)ortiqn of the area retired from taxation is located in the other 
three counties. The improved agiicultural xerogram and recreational 
development are offsetting factors to this tax loss. 

Public facilities immediately affected by reservoir construction and 
TYA activities are those for schools, highways, health units, and 
libraries. These services, organized principally on a county basis, 
shared taxes and state grants, which provided a substantial portion 
of tlieir siix>x^ert. The TVA cooperated with the counties in relieving 
the additional burden caused by the inffiix of construction personnel 
into the area. 

Electric power service is siipx5lied by two retail distributors of 
TYA power, the Appalachian Electric Cooperative and the Newport 
municipal system. Figures for the two systems, estimated to 
be applicable to the vicinity of Douglas Keservoir in 1941, are as 
follows : . 


Item 

Total, 2 sys- 
tems 

Estimated to 
be within 
vicinity of 
Douglas 
project 

Nt ili'-K of rur.il 1 inr- 

N urnh<-r of reliiil tust! muT:^ 

rm ivtuil saka; ' 

Kilowatt-hours 1 

K&venue — 1 

g 

fo 

I 

o 

115 

2,600 

5,700,000 

$100,000 


1 $221, 500 



PEELIMINARY INVESTIGATIOISTS 


41 


Residential consumption for the calendar year 1941 averaged about 
lj220 kilowatt-hours per customer, or 24 percent above the annual use 
reported for the Nation as a whole. The average cost to the consumer 
was about 211 cents per kilowatt-hour, or 43 percent below the national 
average residential rate for that year. 

The wages received by TVA employees during the construction pe- 
riod enabled many residents to improve their homes and business 
places, to pay off farm mortgages, and to buy modern farm machinery. 
The TVA, through the state agricultural extension service, maintained 
a staff of trained agricultural workers to furnish assistance other than 
financial to farm families in individual relocation and adjustment 
problems. 

Conclusions 

It was estimated that direct income for power from Douglas Res- 
ervoir would be over $2,400,000 annually, and the less tangible benefits 
derived from flood control, recreation, and stream sanitation would add 
another $100,000. 
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Chapter 3 

DESIGN 

Tlie Douglas project was designed as part of the integrated plan 
to improve navigation and prevent destructive floods and, in addition, 
to generate electric energy. It is located on the French Broad Eiver 
about 30 miles above its confluence with the Holston Eiver where they 
form the Tennessee Eiver about 5 miles above Knoxville. Flood con- 
ditions and the available head, storage, and stream flow at this site 
were identical to those at the Cherokee project to such a degree as to 
permit practically complete duplication in design and layout. As a 
result, major economies were secured in both time and expense for 
design, procurement of equipment, and construction. 

The proposed installed capacity for power production was 90,000 
kilowatts, consisting of three units of 30,000 kilowatts each, wdth pro- 
visions for a future fourth unit. Only two units were installed 
initially, however, because of the scarcity of critical materials. One 
of the two units installed w^as transferred from the Cherokee project, 
making it possible to produce power within 13 months after the proj- 
ect was authorized by Congress. The third unit, which was designed 
as 30,000 kilowatts, has been reduced to 26,000 kilowatts. This was 
advisable in order to secure the most efficient operation at minimum 
reservoir levels. 

The dam consists of concrete gravity sections located in the original 
river channel. These sections include the spillway, powerhouse and 
intake, and nonoverflow sections on both sides of the river. In addi- 
tion, eight saddle dams w^ere required to close gaps in the reservoir 
rim in the south ridge, and a dike was required to protect tlie town 
of Dandridge. ' 

Foundation for both spillway and intake is I^nox dolomite. The 
flow over the spillway is controlled by eleven 32- by 40-foot radial 
gates. Two traveling hoists of 60-toii capacity, driven by electric 
motors, are used to operate these gates. Eight sluices through the 
spillway provide additional capacity for reservoir control, and a con- 
crete apron and weir form a stilling pool for the dissipation of eiiei'gy 
of spillway discharges. The intake contains penstocks, trashracks, 
gates, and gate hoisting equipment for supplying water to the turbines. 

The powerhouse is a reinforced concrete structure of the semioutdoor 
type with a 225-ton gantry crane mounted on the roof. Equipment 
is handled by the gantry through hatches over the units and the service 
bay. The two initial turbines are vertical F rancis type with steel scroll 
cases and are rated 41,500 horsepower at 100-foot head. Generators 
are directly coupled to the turbines and rated at 33,333 kilovolt- 
amperes. The draft tubes are concrete elbow type which can be 
unwatered by placing gates in slots provided near the discharge end 
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of the tubes and draining to the station sump. Draft-tube gates are 
operated with a jib-boom hoist on the powerhouse gantry crane. 

Both the' powerhouse and switchyard are located on the right bank 
of the river downstream froih the base line of the dam. The switch- 
yard was located immediately adjacent to the x^OAverhouse and parallel 
to the base line of the dam, x^erniitting use of shorter generator and 
control cables between the x^owerhouse and switchyard equix^ment. 
This arrangement also x)rovided the best possible routing of transmis- 
sion lines to and from the yard. Location of the main transformers 
and switching structures within the yard was determined largely by 
the metliod adoi)ted for handling and uiitaiiking the transformers. 
This is done* by the powerhouse gantry crane. Initially, the yard con- 
tained three bays of structures for 15l-kilovolt transmission facilities. 
In 1944 the 154-ldlovolt bay hTo. 1 was added for an autotransfoimier 
feed, and the SAAutchyard was extended for the installation of one bank 
of autotransformers, two 12. 45 -kilo volt feeders, and the 110-ldloAmlt 
line to Waterville. 


EARTH EMBANKMENTS 

The rim south of the main dam contains 10 saddles at elevations 
varying from about 20 feet above to 40 feet heloAv maximum head- 
Avater level, elevation 1002. Saddle No. 1 is located approximately 
% mile and saddle No. 10 about 4% miles from the dam site. Final 
survey and iiwestigation of the saddle-dam sites showed that no dams 
were required at sites Nos. 2 and 7, Avdiere the saddles are approxi- 
mately at eleA^atioii 1022. The tops of the saddle dams at the eight 
remaining sites were set at eleA^ation 1017, or 15 feet above maximum 
headwater leA^el. These dams form a series of earth embankments 
varying in height from about 10 feet at sites Nos. 4 and 8, apx^roxi- 
mately 100 feet at site No. 1 and in length from 65 to 1,918 feet. 

In addition to the construction of the eight saddle dams, an exten- 
sive grouting treatment was required along the rim to preA^ent exces- 
sive leakage, thereby safeguarding the natural slopes of the rim. 

Saddle dam No. 1 

Three possible sites were originally considered for saddle dam No. 1. 
The sites were located approximately 1,000 feet apart, with the down- 
stream site at the top of the saddle. The upstream site was soon elimi- 
nated since it required nearly 50 percent more material hi the dam 
than the lower sites required and Avoiild have necessitated very exten- 
sive and costly drainage facilities below the dam. Of the two remain- 
ing sites, the middle site was selected because the foundation at this 
location consists entirely of shale rock formation, while the down- 
stream site, located x)aitiy hi limestone formation and piartly in shale 
formation, would have required more extensive foundation treatment. 
The middle site also avoided hooding an area containing a- cemetery, 
a church, and some farms. On the other hand, a dam at this location 
required x'>i*ovisions for drainage of the area betAveen the dam and 
the top of the saddle. 

Satisfactory material for an earth-fill dam was available about 1 
mile from the site. The x^ossibility of constructing an earth-rock 
dam was also investigated, hut suitable rock could not be located close 
enough to the dam site to justify a design of tliis type of dam. There- 
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fore, an earth-fill dam was designed to consist of uniformly impervious 
rolled-fill material with the saturation line controlled by internal 
drainage. The shallow overburden was removed to rock. 

The embankment is about 1,918 feet long (fig. 15) with a maxi- 
nimn height of 95 feet. The upstream slox:)e is 1 on 2.5 from the toj) of 
the dam to elevation 1000 and 1 on 4.5 below this level. The entire sloj^e 
is covered with a 8- foot-thick layer of ri]3rap on a 1-foot layer of gi*avel. 
The dowmstream slope is 1 on 2.5 from the top of tlie dam to a 10- 
foot-wide berm at elevation 982, and below this level the sloj^e is 1 on 
3. At all sections of the embankment where the foundation is below 
elevation 990 a drain blanket was placed on the rock foundation in 
the downstream part. This blanket is placed at a distance from the 
center line of the embankment equal to one-half the height of the dam 
at the section in question, and the wudth of the blanket is 11^4 times 
this height. The drain blanket is 3 feet thick, consisting of a 1.5-foot 
bottom layer of gravel graded from ^ inch to 2 inches maximum and 
a 1.5-foot tox> layer of sand x)^issing No. 4 sieve. Grading of the 
material in the drain blanket was based on tests which indicated that 
samj^les of borrow ’pit clay at the liquid limit would not wash through 
a filter consisting of sand passing No. 4 sieve and retained on No. 8 
sieve. The drain blanket is tapped by 8-inch pipe drains leading to 
a rock-filled trench along the downstream toe. Where the foundation 
is below elevation 1000 a cut-off trench was excavated in the rock 
foundation in the upstream part of the dam at a distance from the 
center line equal to three-fourths the height of the dam section. The 
cut-off trench was extended to impervious rock, where possible, or the 
rock under the cut-off trench was grouted. 

From tests in the laboratory, a value of 26 degrees was assmiied for 
angle of internal friction of the earth filh cohesion 'of the material 
was neglected ; angle of internal friction of the drain blanket, ri]>rap, 
and gravel was taken at 45 degrees. With these basic assumptions, 
the Swedish slix:)-circle method was used for design. A factor of 
safety varying from 1.22 to 1.4 was obtained. Laboratory tests on 
borrow x>it material indicated that fill placed so as to obtain an angle 
of internal friction of saturated fill of at least 26 degrees will have a 
coefficient of cohesion of from 1,200 to 2,000 XDOunds per square foot. 

The entire downstream slope is seeded to improve the appearance 
and to prevent erosion. A drainage system, discharging into the 
toe trench, is lorovided on the berm, at elevation 982 for collection of 
surface water. A 12-inch drain pipe laid with open joints is placed 
at the bottom of the rock-filled toe trench. Both the surface ditch of 
this trench and the 12-incli pipe discharge through two catch basins 
into the drainage system below the dam. 

Saddle dams Nos. 3, 4, 5, 6, 8, % and 10 

Investigation of the sites for the saddle dams Nos. 8, 4, 5, 6, 8, 9, 
and 10 showed that the geological conditions were ]3ractically uniform 
within the limits permitted by the tox)ograi3hy at each site. Loca- 
tion of these sadctle dams was, therefore, determined by the most 
economical topographic conditions at the sites. The foundations at 
these sites, and also at sites Nos. 2 and 7, consist of fairly heavy over- 
burden of decomposed shale over shale-rock formation. Satisfactory 
material for rolled earth-fill dam sections was available near the dam 
sites. Material in the borrow pits consisted mainly of clay to depths 
of from 1 to 17 feet over shale formation. 
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Tests performed in the laboratory on borrow-pit samples of clay 
compacted at field moisture indicated that the angle of internal fric- 
tion of the saturated clays would be 26 degrees or larger. Tests^on 
samples of loose and compact exl shale gave angles of internal friction 
of 29 and 45 degrees, respectively. The cross section designed for 
saddle dam No. 1 was, therefore, found to he satisfactory also for 
the rest of the saddle dams, and the construction plans for these 
dams were made accordingly. 

The natural ground surface was stripped, and the foundation sur- 
face was harrowed over the entire base area of each dam. The 
upstream slopes are protected by a 3-foot-tliick layer of riprap on a 
1-foot layer of gravel, and the downstream slopes are seeded. Saddle 
dam No. 3, with a maximum height of about 35 feet and a total length 
of approximately 650 feet, is the only one of these dams in which it 
was necessary to construct a drain blanket and a downstream toe drain 
similar to those constructed for saddle dam No. 1. The maximum 
height of the other saddle dams varies from about 10 to 25 feet, and 
the length varies from a|)];)roximately 65 to 325 feet. 

GENERAL DESIGN FACTORS FOR CONCRETE 
STRUCTURES 

Design assumptions 

Stability analyses for the concrete structures were made on the 
basis of the following general assumptions : 

1. EartJiquaJce — 

EartUqaake stresses were disregarded following previous conclusions' 
toy the board of consulting geologists that such stresses could be omitted 
in designing dams in the portion of the Tennessee River drainage area 
above Guntersville Dam. 

2. Weights — 

(a) Weight of concrete, 155 pounds per cubic foot. 

(to) Weight of water, 62.5 pounds per cubic foot. 

(e) Drained weight of fine fill materials, 120 pounds per cubic foot. 

(to) Weiglit of water, 62 5 pounds per cubic foot. 

id) Drained weight of coarse fill materials, 105 pounds per cubic foot. 

(e) Buoyant weight of fill materials, 65 pounds per cubic foot, 
li. Uplift and Drains — 

(a) Hydrostatic uplift was assumed to vary uniformly from full head- 
water pressure at the upstream face of the clam to 50 percent of the 
headwater pressure at the line of drains and then to tailwater pres- 
sure at the downstream face. 

(to) The uplift pressures Tvere assumed to act over two-thirds of the area 
of the base section under consideration either within the concrete 
or between concrete and rock. 

J. Concrete structures sult)ect to eai'tU pressure — 

Earth pressures were calculated as active pressures on both the upstream 
and downstream faces of the dam. The internal angle of friction for 
the fill {8) wms taken equal to 82 degrees and the friction of the fill on 
the concrete structure equal to 16 degrees. 

5. Foundation stresses — 

(fl) Maximum allowable compression on rock equal to 500 pounds per 
^ square inch. 

(to) No tension allowed except in special eases as noted under the descrip- 
tions of the structure designs, in which case.s a maximum tension of 15 
pounds per square inch was allowed. 

(c) Maximum allowable average shear equal to % (2504-0.65 fv) pounds 
per square inch where fv=average intensity of stress normal to the 
section. 

S^FSii^ Authority Technical Report No. 6, The CUohammwa Project, appendix 
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6. Qeneral design of gravity sections — 

Tile apex of the basic triangle forming the section of the nonoverflow 
dam was located at elevation 1004. The downstream slope was set 
at 10 on 7, which, combined with a vertical upstream face, produced 
a section showing no tension for hyi>othetical water level at elevation 
1004. For actual maximum water elevation 1002 a small compression 
would, therefore, exist at the upstream face of the dam. In addition, 
a 3 on 1 batter was used at the heel to provide an additional base width 
of 10 feet wdiere the dam w'as at maximum height. For sections of 
moderate height at the abutments this extension was elimilated. For 
the spillw^ay section the same general base stresses were attained. The 
ogee shape of the crest provides a heavy top, and a downstream slope 
of 10 on 6 below" the ogee w"as enough to obtain the desired base stresses. 

7. Gravity sections with penstocks and shUceivays — 

Where holes and openings in the dam are large enough to aifect base 
stresses the designs were based on the section in which the openings 
occurred. 

Joints 

Vertical contraction joints were placed at convenient intervals in 
the concrete gTavity sections of the dam, the sj^acing being selected 
primarily to suit the spillway and intake structures. These joints 
extended from the foundation to the top of the structure so that each 
gravity section acts independently as a block. ISTo keyways were 
formed in the faces between adjoining blocks. 

Horizontal construction joints in the mass concrete were xjlaced at 
approximately 5 -'foot intervals with a minimum time lapse of T2 hours 
between successive placements. 

Measurement of foundation uplift pressures 

A total of 20 uplift pressure gages was installed at the foundation 
level for the purpose of obtaining representative measurements of the 
uplift pressure under the concrete structure and to check the adequacy 
of the drainage system. Tlie pressure readings are taken at i^anels 
installed in the drainage gallery. Some comprehensive results of the 
up>lift studies on Douglas Dam are given in appendix C. 

Deflection measurements 

A system for measuring the lateral deflections of various portions 
of the concrete structures was installed. This installation included 
the placement of 11 brass plugs in the concrete at the top of the dam 
in a true line and referenced to points located on stable foundations 
at such, a distance away that they were not affected by the hlling of 
the reservoir. 


NONOVERFLOW SECTION , 

With the intake and spillway located in the natural river channel, 
the nonoverflow sections form the bulkheads between the intake and the 
right abutment and between the spillway and the left abutment. They 
are identified as blocks la to 11 and 29 to 35, inclusive. In general, the 
^ blocks are 46 feet 6 inches long‘. This length was chosen the same as 
the length of the spillway blocks in order to simplify form work. Ex- 
ceptions to the standard block length occur at the right abutment, at 
the junction between spillway and left nonoverflow section, and at the 
left abutment, where it was necessary, after final excavation, to adjust 
the location of contraction joints to suit the foundation rock profile. 
In the original layout these blocks were all of the standard length. 




Figure 16- — Nonoverfloiv dam and left, abutment — Stability analysis. 


The nonoYerflo'w clam is designed as a gravity section with a down- 
stream slope of 10 on 7 with the exception of blocks adjacent to the left 
aDi'itment, which are partially in backfill. On these blocks the down- 
stream slope was steepened to 10 on 6.5, while the upstream face was 
made vertical except that a batter of 3 on 1 was usecl near the bottom 
of the higher blocks to increase the base width a niaxiimini of 10 feet 
to provide a better distribution of base pressures, Figure 14 shows a 
typical cross section. 

The top of the dam is at elevation 1009 and includes space for a 
service road of the same width as the deck over the spillway. The 18- 
foot-lO-incli-wide road is obtained by extending a cantilever 8 feet 
upstream from the lO-foot-lO-inch-wide top portion of the dam. 

In the stability analyses of the nonoverflow sections the following 
cases were considered: 

Normal sectinn : 

Case 1 — Reservoir empty. 

Case 2— Headwater ut elevation 1002 and tailwater at elevation S6S.5. 
'Section with backfill : 

Case 1 — Reservoir empty and no fill. 

Case 2— Headwater at elevation 1002 and tailwater at elevation 868.5, witb 
active pressure from backfill. 

The results of these iiwestigations are shown in figure l6. 

Where the top of the dam approaches the finished grade at the 
aoutments the upstream cantilever is terminated ; and adjacent Vjlocks, 
block la at the right abutment and block 32 at left side, are wid- 
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eiied to accormxLodate the full width of the roadway, concrete parapets, 
and other architectural features. 

A 6-foot-wide by 10-foot-high continuous drainage and insi^ection 
gallery runs from block 5 through the intake and the spillway, ter- 
minating at the steep bluff at block 28. The gallery is located 14 feet 
from the upstream face of the dam and follows roughly the founda- 
tion level of the dam. Originally, no gallery was planned in the left 
portion of the noiioverilovv dam. Ho wever, a great number of seams 
and cavities in the foundation made it necessaiy to carry the excava- 
tion much deeper than had been anticipated, thereby increasing the 
lieight of the dam and making it desirable to add a gallery across the 
top of the bluff from block 28 to the end of block 33. This gallery is 
connected to the 0]3erating gallery in the spillway by a spiral stairway 
and to the lower drainage gallery by a 3-foot shaft. 



Figure 17. — Spillway. 


The grouting procedure for the foundation, the foundation drain- 
age system, and contraction and construction joints are features com- 
mon to all concrete structures of the dam and are treated in the section 
describing the spillway. 

SPITJ.WAY SECTION 

The features of topography and geology made the site excellenth" 
suited for locating the spillway and the intake structure in the river 
channel. 

The spillway (fig. IT) is a gravity-type structure, divided into blocks 
46 feet 6 inches wide, with contraction joints placed at the center of 
the overfall midway between the piers. The crest is an ogee-type 
overfall section placed at elevation 9T0 and surmounted by eleven 40- 
foot-wide by 32-foot~higli radial gates. The spillway has 11 open- 
ings 40 feet wide, separated by 10 reinforced concrete piers 6 feet 
6 inches thick. The over-all. length is 505 feet. The operating deck 
is at elevation 1009, on which are located the traveling hoists and dog- 
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o-iiig devices used for radial gate operation. Eight sluiceways 
throuo-h the lower portion of the spillway are controlled by slide gates 
to opS.'ate in con]'unction with the spillway for rapid draw-down in 
iidvaiice of floods or to supplement downstream flows in periods of low' 
water when the reservoir level is below the spillway crest elevation. 
A general cross section is shown in figure 18. 

Hydraulic design 

The maximum flood to be passed through the dam was estimated to 
be about 337,000 cubic feet per second with the reservoir at maximum 
level at elevation 1002. This resulted in a spillway with eleven 40- 
by 32-foot gates having a total discharge capacity of 304,000 cubic 
feet per second. In addition to this, there are eight sluices in the lower 
portion of the spillway dam with a combined discharge capacity of 
■20,000 cubic feet per second. Total discharge capacity under maxi- 
mum flood conditions is, therefore, 330,000 cubic feet per second ex- 
clusive of flow whicli can be passed through the turbines. 


LINE- 



The spillway is shaped to fit the nappe of a shooting velocity of 
.discharge \vith the I'adial gate opened 1 foot. For all other gate 
openings the nappe is al^rays lower, thereby assuring a positive pres- 
sure on the face of the spillwa;7 for all conditions of gate openings. 

Eight sluices through the spillway are each controlled by tv^o slide 
gates 5 feet 8 inches by 10 feet 0 inch placed in tandem. These gates 
are essentially duplicates of the slide gates used at Noiris Dam. The 
downstream gate is normally used for operation of the sluiceways, 
and the upstream gate is used only for emergency closure or to allow 
maintenance of the downstream gate. 

Exit ends of the conduits were built with a 15 -percent nozzle con- 
striction, which insures positive conduit pressures and should elimi- 
nate any cavitation difficulties. Sluice exit nozzles were simultaneouslv 
flared horizontally and flattened vertically to spread the jet over the 
maximum width of the apron and also bent downward so that the 
energy of the jet -would be absorbed by the bucket pool. 
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To protect the foundation rock against scour and undercutting, a 
concrete apron extends about ^00 feet downstreani from the spillway. 
Sound rock was found close to tailwater elevation over most of the 
apron area, and model tests indicated that a stepped apron with a 
relatively high sill at the downstream end would be required to re- 
duce turbulence. It was also found necessary, through the model 
tests, to add a strip of paving below the main sill to xorotect the aioron 
from undercutting during sluice operation, especially when one or two 
sluices were operating at low tailwater elevation. 

As excavation was progressing it became evident that it would be 
necessary to go much deeper in the right half of the ain*on area than 
was originally anticipated. To save concrete, designs ^vere altered to 
lower the apron in this area as far as possible and still maintain the 
good hydraulic performance obtained in the original apron design. 
Several schemes for lowering the apron were tested in the hydraulic 
laboratory. The apron developed from these tests follows roughly 
the final rock excavation with the following limitations : top of ai>ron 
in block 18, Avhich is close to the right training wall, wuxs fixed at eleva- 
tion 845 ; top of ax:)ron in other blocks varies to suit excavation, but the 
tojD of each block was kept level throughout; and the top of the sill 
X^rovided at the downstream end of the apron was set at elevation 855 
for the full length of the lowered apron. To fit the new apron to these 
conditions, the bottom of the sluices was con tinned on a (> on 12 slox^e 
with a transition to elevation 845 on a 25-foot radius. Wliere the tox^ 
of ax:>ron is at a lower elevation there is a vertical drop at the end of 
the sluice from elevation 845 to top of apron. 

Along the right side of the axiroii a training wall extends from the 
powerhouse to the end of the ax3roii. Toxi of this wall is at elevation 
900, or at a depth below maximum tailwater elevation determined by 
model studies. Model tests also indicated that the best hydraulic re- 
sults wmuld be obtained wfithoiit any extension of the wall beyond the 
end of the apron. 

At the left side of the axiron xn'otection is obtained by lining the steex^ 
rock face with concrete to elevation 883. 

Model studies 

Extensive model tests had already been made for the Cherokee i^roj- 
ect. Sux3x:)lementary tests were made for the Douglas x^roject on a 1 : 70 
scale model. Tests were made on several alternate modifications of the 
apron caused by the deep) rock excavation. Apix^eiidix C includes a 
detailed repiort on these studies. 

Stability analysis 

The spillway section is designed as a gravity structure on the basis 
of the general design assumptions outlined on page 48. 

In the final design the dam was made safe under the following crit- 
ical conditions of loading, all other loadings being less severe : 

Case 1 — Dead load only, 

Oase 2 — Headwater at elevation 1002 and tailwater at elevation S6S.5 with radial 
gates and sluice gates closed. 

Case 3 — Headwater at elevation 1002 and tailwater at elevation S68.5 with a 
floating bulkhead in one hay and the radial gate closed In the adjacent 
bay. This case partially determined also the pier reinforcement, giving 
an unbalanced water load on the ijier. 


794091—49- 
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Figure 19 . — Spillway dam — Stability analysis and pier loading. 

Aiuil 5 ^ses of tliese cases weiT made for base sections as follows: 

1. At eleTation 850, the assumed foundation level. 

2. At elevation 878, the floor of the sluiceways through the spillway. 

H. At elevation 937, the point of break in the upstream face of the dam just below 
the 12-foot overhang of the ogee section. 

4. At elevation 970, the spillway crest and point of analysis for stress in piers. 

The results of these analyses are shown in figure 19. Two conditions 
were considered under case 3 for the design of the pier reinforcement. 
In both conditions the pier is assumed fixed at elevation 97 0. However, 
in one instance the pier is assumed hinged at elevation 1006 and in the 
other assumed free, acting as a cantilever. For the hinged condition 
the horizontal reaction was assumed to be a friction load from the 
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spillway deck equal to the vertical deck load times a coefficient of 
friction of 0.83. These loading conditions are shown in figure 19. 

Contraction and construction joints 

Contraction joints in the spillway dam are located midway between 
piers, dividing the structure into blocks 46 feet 6 inches long. No keys 
were used in the contraction joints, and the joints were not grouted. 
The contraction joints are sealed with '20~ounce copper seals. Double 
seals are placed near the upstream face, and a single seal is embedded 
around galleries and shafts. 

The longitudinal construction joints in the apron match the con- 
traction joints ill the overfall section at 46-foot-5-inch centers. Con- 
struction joints were also placed parallel to the axis of the dam to 
divide the apron into rectangular blocks not over 50 feet long. 

The horizontal construction joints in the mass concrete were gen- 
eralty placed at intervals of not over 5 feet. The lifts in the piers, 
however, varied in height from 7 to 10 feet to facilitate construction. 

Foundation grouting and drainage 

Grouting . — To prevent percolation and seepage under the concrete 
structures, a grout curtain was placed near the upstream face. A de- 
tailed plan for treating the foundation was prepared ; hut as the foun- 
dation was exposed by excavation and more thoroughly explored as 
the construction progressed, variations from the plan were made to 
fit more expediently the actual field conditions. The plan called for a 
grout curtain to seal effectively all seams in the rock to a depth of at 
least 60 feet and grouting operations to he so conducted that lifting 
of the rock shall not occur.^ Consolidation grouting was done where 
required to insiire the bearing capacity of the rock. 

Drainage . — ^Downstream from the grout curtain a 24-inch half- 
round drain, bedded in porous concrete at the foundation rock, extends 
along the spillway, intake, and nonoverfiow sections parallel to the 
axis of the dam and immediately under the drainage gallery. This 
drain was built in sections, each section acting as a collector drain for 
three 8V2-hich-diameter holes drilled from the floor in the drainage 
gallery, through the 24-inch drain, and extending 40 feet into the rock 
foundation. These holes were drilled after all grouting had been 
completed. 

Drainage into the gallery normally flows by gravity to the power- 
house sump, where it is pumped to tailwater. In case the powerhouse 
sump is not operating, water in the drainage gallery can flow to tail- 
water through a 12-inch equalization pipe at elevation 868.5T. This 
drain line equalizes uplift pressures with tailwater fluctuations in 
accordance with the assumptions made in the stability analysis. 
The equalization pipe is controlled by a valve in the drainage gallery, 
with an extension stem np to the operating gallery at elevation 898. 

To guard against excessive uplift pressure under the comparatively 
thin apron slabs, a system of 2i/^-incli drain holes was drilled to a 
depth of about 10 feet into the rock. The holes were spaced 12 feet 
on center both in the longitudinal and the transverse direction. Each 
hole wavS drilled from the top of the apron through a 3-mch pipe em- 
bedded in the slab. After the hole had been drilled the pipe was 
plugged. A drainage outlet is provided through a l^-inch pipe 
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extending from tlie B-incli pipe on a 45-clegree slope in a do’vvnstreani 
direction to the top of apron. This of drain was selected because 
the character of the foundation rock 'at the dam site made it necessary 
to defer the drilling of drain lioles until all foundation grouting near 
the apron area hadheen completed. 

Apron 

Th^ final design of the apron was determined by the condition of 
the foimdation rock and by the hydraulic model studies. The apron 
slab was divided into blocks to facilitate concrete pouring and to limit 
shrinkage C{niditions. The blocks were keyed and doweled to the toe 
of the spillway and to each other to keep the top surface of the apron 
in strict alinement. The end sill was built integrally with the apron 
slabs. 

Initial reinforcement designs specified -inch-square bars spaced 
on 12- or 8-inch centers. However, because of restrictions on the use 
of steel, it was necessary to- reduce the total tonnage required without 
endangering the safety of the structures. The top of the slab was, 
therefore, reinforced with %-inch-diameter bars spaced 12 inches on 
center both ways, using high carbon steel with a minimum yield point 
of 50,000 pounds per square inch. An exception was made for dowels 
and bent bars, which were required to be of intermediate or structural 
grade of hinch-diameter minimum size. All bars are placed 6 inches 
below the top surface. 

Training walls 

The north and south training walls form continuations of the down- 
stream ends of piers IT and 28, respectively, and extend to the down- 
stream end of the apron. The sections between the spillway crest and 
the beginning of the apron consist of 4-foot -thick cantilever walls 
with the main spillway blocks acting as bases and are reinforced for 
pressure on the walls when water is discharging over the spillway. 

The south training wall is adjacent to and forms part of the concrete 
lining protecting the steep rock face of the left bank. 

The north training wall, which is adjacent to the x^owerhouse, 
extends about 88 feet downstream from the draft tube exits and sep- 
arates the spillway and x^owerhouse discharges. The downstream por- 
tion has an L-shax^ed cross section and is built in tAVo blocks separated 
by a contraction joint. The wall is capable of withstanding the differ- 
ential water pressures, as determined by hydraulic model tests, for 
various conditions of discharge and tailwater elevations. It is also 
designed to act as a cofferdam for future unwatering of the vacant 
stall for the construction and installation of the fourth unit in the 
powerhouse. For this condition it was assimied that tailwater eleva- 
tion would be at 892, with the tailrace dry. 

Piers 

The piers carry the horizontal hydrostatic load transmitted from 
the spillway gates through the gate anchorages and the vertical load 
from the qi^erating bridge deck. The 6-foofc 6-inch pier thickness 
required with the radial gate installation effected a saving in over-all 
sx)i IVr ay length and x^iers over alteimate designs with other type gates 
because no gate slots are required, ^ 
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The piers are designed for the following conditions : 

1. Gates on either side of pier closed with headwater at elevation 1002. 

2. One gate closed, adjacent gate wide open, with headwater at elevation 1002. 

3. Emergency bulkhead in one hay, adjacent bay open, with headwater at ele- 

vation 1002. 

4. One gate closed, emergency bidkhead in adjacent hay, with headwater at 

elevation 1002. 

Condition 4 was found to be the heaviest lateral load condition. All 
of the conditions, however, are reflected in the reinforcement which 
was required in the piers. The stress zones and assumed x)ier restraint 
for these conditions are shown in figure 19, from Avhich Avere computed 
the deflections and stresses in the piers. Piers AA^ere reinforced A’er- 
ticully for bending imder the lateral loadings. Horizontal reinforce- 
ment proAudes for shrinkage stresses and for distribution of the gate 
anchorage reactions. 

Operating bridge deck 

The layout of the spilhvay deck is the same as for the Cherokee 
project except for the niiniber of spans. It avus largely determined by 
the operating requirements of the traveling gate hoist, the dogging 
arrangements, and the clearances required for handling the gates. 

The deck was designed as a composite beam consisting of 414 -inch 
I-beam bridge flooring, with the spaces betAA^een the beam.s filled Avith 
concrete, and a 2-inch concrete finish on top for additional strength 
and drainage. This slab is supported on three roAA^s of wide-flanged 
beams spanning betAA’een the spillwa}^ piers and is cantilevered 3 feet 
at the upstream side of the deck and 3 feet 9 inches at the downstream 
side. The track rails for the hoist car, Avliich consist of 3-inch round- 
edge square bars, are supported directly on top of the bridge flooring. 
The two doAvnstream roAA^s of deck beams are spaced 7 feet apart to 
line up Avith the hoist rails. The upstream deck beam Avas made the 
same depth as the track beams to keep the top of the piers at a uniform 
eleAmtion. Expansion and contraction j oints for both the deck slab and 
its supporting beams were installed at alternate piers. The condition 
governing the design of the track girder was one in Avhicli the hoist 
Avas considered as being in a fixed position and supporting the max- 
imum load from the spillway gate. A live load of 150 pounds per 
square foot was assumed acting on the remainder of the deck slab. 
Side thrusts from the hoists were considered as transmitted to the 
spillway piers by the girders. 

Gate-dogging supports 

A cantileA^er arrangement of structural steel shapes at the top of 
each spillway pier supports two gate dogs in adjacent gate openings. 
It consists of tAvo parallel girders, each composed of an 18-inch channel 
set v^ertically ancl a lO-inch Avicle-fiange beam laid horizontally, the 
ends of the girders being tied together AAuth a 12-inch channel. This 
arrangement was found to be more economical and resulted in a simpler 
framing than connecting the gate-dogging supports into the track 
beams. The girders are so designed that A'ertical loads are resisted by 
the combined section while lateral forces are resisted only by the wide- 
flange beams. A similar arrangement is proAuded at the end piers 
except only one gate dog is supported adjacnet to these piers. 
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The supports were designed to meet the following loading condi- 
tions: 

1. A normal dogging load of 60 kips, whicTi is one-lialf tke weight of the gate, 

using a basic stress of 18,000 pounds per square inch. 

2. A maximum dogging load of 120 kips (total weight of one gate), using an 

allowable stress of J .25 times the basic stress. 

3. A break-down load of 200 kips, with the chain supported by the hoist, using 

an allowable stress of 29,000 pounds per square inch. 

The second condition governed tlie design of the supports. 


Gates 


The function of the spillway gates is to regulate and control the dis- 
charge of water over the spillway under all conditions of flow. As a 
wide variety of flow conditions must be met, the spillway gates are 
arranged for regulating gate openings to avoid unbalanced or con- 
centrated discharges which might lead to serious erosion below the dam 
or to undesirable cross currents and eddies in the river. An operating 
sequence designating gates to be opened and amount of opening for 
the best hydraulic performance was developed by model studies. 

The general arrangement of a spillway gate is shown in figure 20. 
TJiere are 11 gates in the sx^illway section, each 32 feet high by 40 
feet clear distance between s]pillway piers. Trunnion bearings are 
so placed as to be out of water during periods of high flow. The top 
of the gates in their closed position was set at elevation 1002. 

The construction of all gates is similar. Each gate consists of 
a curved steel skin plate stinened by a series of horizontal beams and 
supported by a trussed structure made up of five vertical trussed 
frames, an upper and lower horizontal truss, and two trussed rocker 
arms that are a continuance of the two end vertical frames. These 
rocker arms are braced to the horizontal trusses, and their downstream 


ends are equipped with large lubricated bronze bearings which are 
sup)ported by and rotate on forged alloy steel trunnion shafts secured 
to the concrete piers. Eubber seals of the iniisic-note type are bolted 
to the two sides and to the bottom edges of the upstream face of the 
skin plate. To prevent the ^ate from binding between the piers as 
it is raised or lowered, self-lubricating bronze-bushed rollers are 
mounted just downstream from the skin plate at the upper and lower 
corners of the gate. These bear against and roll nxDon metal surfaces 
embedded in the concrete piers. E ear the lower edge of the Ujostream 
face of the skin plate and near the ends of the gate are two' structural 
fastenings for the gate hoist chains. Each gate is equipped with 
two 114 -iiich-diameter alloy steel die-lock-type hoist chains which 
lead from the ahove fastenings up and aroimcl the curved skin plate 
surface to and through the dogging units mounted in the operating 
deck above. The upper ends of the chains are equipped with special 
hooks for fastening to the drums of the traveling gate hoists. When 
the gate is closed or dogged in some open position the excess chains 
above the dogging units, together with their special hooks, are stored 
m chain lockers beside the dogging units. 

assembled in the manufacturer’s shops 
and tlien disassembled sufficiently to permit shipment by i^ail The 
estimate weight of each gate is 127,000 pounds. All gates are of 
carbon steel and riveted construction. 
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Figure 20 . — Spillway gate and dogging device. 


The gates wei^e designed for dead load, functional forces, and a 
water load on the upstream face of the gate varying from zero at 
the top of the gate to full hydrostatic head at the bottom, with per- 
missible basic stresses not exceeding 18,000 pounds per square inch. 
An allowance of %e inch for corrosion was added to the thickness 
of all parts of the gate carrying calculated stresses. The horizontal 
trusses are so arranged in the gate structure that their loads will be 
equal under maximum gate loading conditions. The gate members 
are designed also to meet a special load condition resulting from 
failure of one hoist chain. 

Gate anchorage 

The thrust from each taintor-gate trunnion is transferred by heavy 
welded plate members, which project beyond the downstream face of 
the piers, through eight 4-inch-square steel bars to a welded steel-plate 
grillage embedded in the piers approximately 24 feet upstream from 
the center line of the trunnion. Horizontal and vertical bearing plates 
at the downstream end of the anchorage transmit into the concrete any 
forces resulting from unbalanced loading. The 4-inch steel bars were 
wrapped with burlap and painted with asphalt to prevent any bond 
between the bars and the concrete and to insure transfer of the entire 
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load directly to the steel-plate grillage. All anchorage assemblies were 
stress-relieved after completion of shop welding. 

To mininiize the effect of rotation of the anchorages resulting from 
unbalanced loading conditions, the anchor bars ^\'ere prestressed equal 
to the full water load against the gates by either one of two methods, 
one being electrical and the other mechanical. A complete description 
of these methods is covered in chapter 5. 

The gate anchorages were designed to meet the following loading 
conditions ; 

1. Two adjacent gates in closed position, with headwater level at top of gates at 

elevation 1002. 

2. One gate in closed position, adjacent gate fully raised, with headwater level at 

elevation 1002. 

3. One gate raised approximately 18 feet and adjacent gate in closed position, 

with headwater level at elevation 1002. 

The second condition governed the design of the main members. 

Gate-dogging units 

Dogging units operating on the hoist chains at approximately the 
operating deck level are x>i’ovided to support the gates at varying 
degrees of spillway gate openings. The units consist of heavy cast-steel 
frames mounted on structural- steel supf^orts. Between each pair of 
these frame castings are mounted two x^i voted cast -steel chain dogs 
whose outer ends are shax^ed to suit the contour of the hoist chain links. 
xSince the dogging units aiT in a fixed x^osition, the angle of apx^roach 
of the hoist chains to them varies wuth the different x^ositions of the 
gate. For efficient ox^eration of the chain dogs it is essential that the 
hoist chains lead \xp approximately vertically between them,'' To ac- 
coinxdish this at all times, two x:)ocketed cast-steel chain sxmockets are 
mounted below the chain dogs. The upper one of these sxirockets 
functions to drive an indicating device mounted on the outside face of 
one of the frames. ^ This device indicates in feet the amount of gate 
ox)ening for all positions of the gate. On the xmer side of each of these 
dogging units there is a locker for storing excess hoist chain. All 
moving parts are grease-lubricated from j^oints near the operating 
deck level 

All parts of the dogging units %vere designed to withstand the ver- 
tical and horizontal loads imposed upon them by the hoist chains under 
the normal operations of raising, lowering, and clogging of gates. 
The allowable basic stress imder these conditions was one-fifth of the 
ultimate tensile value of the material. Parts of the dogging unit were 
designed also to meet a x')ossible condition of having to support the 
gate by one hoist chain only, with a basic stress not to exceed 90 per- 
cent of the elastic limit of the material. 

Traveling gate hoists 

traveling gate hoists are, used to operate the spillway gates. 
Ihe hoist capacity was determined by the weight and frictional resist- 
ance to movement of an individual gate. Two traveling hoists were 
provided to insure having one in operating condition at all times. Slow 
hoisting and moderate ti*avel speeds were suitable for this x>roject be- 
cause regulating operations can be anticipated far enough in advance 
to allow amxffe time for gate handling. 
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Each traveling hoist consists of a structural steel frame and machin- 
ery housing mounted on four double-flanged wheels. On the deck 
of this structural steel frame are mounted the hoisting equipment for 
lifting a spillway gate and the propelling equipment for driving the 
hoisting unit along the track on the spillway deck. 

The hoisting equipment consists of two drums, one mounted at each 
end of the structural frame, with provision for manually attaching 
and detaching hoist chains from the drums. The drums and the 
slow-speed gear units are mounted on antifriction bearings supported 
in welded steel side frames. A single electric motor operates this 
equiimient through two worm gear speed reducers and suitable shaft 
connections. 

Near one end of the structural frame and below the deck surface 
is mounted the propelling equipment. A single electric motor oper- 
ates this equipment through suitable shaft connections, a high-speed 
gear set, and a worm gear reducer mounted on one axle only. 

Each spillway traveling gate hoist is controlled from a small oper- 
ating platform on each end where the control switches for the hoist, 
travel, and power cable reel motors are. located. Protective equip- 
ment includes overload and undervoltuge relays and a manual 
emergency stop push-button station. 

At each end of the frame and to one side of the drums is mounted 
a manually operated cable hoist for lifting the hoist chain hook 
and attached chain from storage position to tlie point of attachment 
on the drums or for lowering it in the reverse direction. 

Spillway sluice gates 

The primary purpose of these gates is to provide a means for draw- 
ing the reservoir down below the level of the spillway crest in advance 
of floods. In addition, they may be, used to x^rovide additional water 
discharge in x)eriods of flood. The oxierating sequence for the best 
hydraulic joerformance was determined by h^xlraulie model tests. 

"Two gates are installed in tandem in each of the eight sluiceways 
in the spillw^ay section of the dam (see hg. 21). The upstream gates 
serve only as emergency gates and normally remain open. The down- 
stream gates are the service gates and are operated either wide open 
or fully closed. The gates operate under a maximum head of 119 
feet above the center of the gate ox:)eiiing, which is at elevation 883. 
Gate openings are 5 feet 8 inches wide and 10 feet high. 

Each gate consists essentially of an upstream and a downstream 
frame whose interiors conform to the rectangular shaxie of the 
adjacent metal sluice liners; a sliding leaf that in closed position 
seats on sealing surfaces in the downstream frame; and a 21-inch- 
diameter oil-operated hydraulic hoist mounted directly above the leaf 
on the bonnet of the gate. The leaf is raised and lowei'ed by the 
hydraulic hoist which is mounted directly above the bonnet. The 
piston of this hoist is connected to the leaf "by a steel stem and is also 
fitted with a stem extension that projects iqi through the top head of 
the hydraulic cylinder. The upper end of this stem is fitted with a 
coned heaci that engages a suspended semiautomatic gate hanger when 
the gate leaf is in its raised position. This prevents the leaf from 
drifting down to closed position due to possible leakage of oil past 
the piston rings. The hooks of the hanger may be released for lower- 
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Ficuee 21 . — Spillway sluwe gate arrangement. 


ing tlie gate leaf by tlie pull exerted by a tension spring and chain 
after the leaf has been raised sufficiently to take the weight of the mov- 
ing parts of the gate off these hooks. The coned head is secured to 
the stem by a safety stud so proportioned that it will break if hydraulic 
pressure is applied to lower the leaf without first releasing the hanger 
hooks. 

Oil for the operation of the hydraulic hoists is supplied by two 
pumps having a capacity of 20 gallons per minute at l 5200 -pound-per' 
square-inch working pressure. Only one pump is required for gate 
operation, the other pumxo acting as a stand-by unit. The x)umps ob- 
tain oil from a storage tank located in the pum^) chamber and having 
a capacity of 300 gallons. Hydraulic hoists, pumps, and oil storage 
tank are located at elevation 898 in the operating gallery of the spill- 
way. Valves for control of oil X)ressure are installed at each individual 
gate. A local “On — Off — ^Remote” switch for each oil pump motor and 
a transfer switch are installed near each motor. Either iDump can 
be selected for remote control from “Start — Stoj)” push buttons located 
near each sluice gate. Each set of gates has a 12-inch air inlet and a 
3-inch bypass pipe. 

The concrete around the frame and bonnet castings is designed to 
carry all the load, using a design pressure of 1,200 XDounds per square 
inch. The actual worMng pressure in the hydraulic cylinder is ap- 
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proximately 1,030 pounds per square inch. A coefficient of friction on 
bronze sealing seats equals 0.6 at starting. 

Sluice liners 

The eight sluiceways through the dam are composed of a 5-foot 
length of entrance section, a 12-foot length of liner plate which con- 
nects to the slide gate casting, an 18-foot length of liner i)late below 
the gate casting, and approximately 60 feet of unlined concrete. A 
steel liner throughout the sluiceway is a very desirable feature, but 
the need for conserving critical war materials outweighed all other 
considerations. 

The entrance section consists of 1 -inch-thick liner plate and ribs 
with a 2-inch-thick flange for bolting to the steel liner plate. The 
%-inch liner plate is reinforced with structural tees spaced approxi- 
mately 2 feet on centers. In addition to stiffening the liner plates, the 
tees also provide adequate anchorage to the concrete and prevent the 
concrete from shrinking away from the plate. 

Trashracks 

Original trashrack designs specified mill-fabricated sections; how- 
ever, because of delay in delivery, temporary trashracks were installed, 
using available 1%- and 1% -inch-square reinforcing steel for this 
purpose. Subseqtiently, these racks were retained as a permanent 
feature since their design and operation were considered satisfactory. 

Each of the trashracks consists of a series of horizontal trusses 
spaced 4 feet 6 inches on centers. The upstream chords are curved 
to a 6-foot 4-inch radius, and attached to them are vertical bars spaced 
1 foot 6 inches on centers. The load from the trusses is taken by the 
stop log guides and distributed to the concrete. The dead weight of 
the racks is transferred by a number of the vertical bars to bearing 
plates at the bottom, where the load is distributed to the concrete 
mass. 

The trashracks are designed for a differential head of 5 feet, an 
allowable working stress of 24,000 pounds per square inch, and a net 
velocity through the racks of 7.3 feet per second. ^ 

For blocks 25, 26, and 27 the racks were modified slightly to make 
provision for an auxiliary cofferdam for stage 2 construction as a 
safety measure against possible flooding during the construction of 
the lower portions of these blocks. This change resulted in the addi- 
tion of concrete piers for three racks in place of the structural steel 
stop-log guides and precludes the construction of the upper concrete 
seat which was originally designed for the permanent rack. 

Spillway caisson 

For inspection and maintenance of the spillway radial gates it was 
essential that-some provision be made for iinwatering the upper sec- 
tions of the spillway between adjacent piers; to do tms with stop-log 
sections would have required a wide operating deck, some type of 
traveling crane, and gate slots in each pier. Comparative estimates 
indicated that it would be more economical to use a caisson or buoyant 
gate which could be floated into position at the upper end of any spill- 
way opening that is to be sealed off from headwater. Water between 
the caisson and the spillway gate could then be removed by pumping 
out with a portable pump or by raising the spillway gate. 
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The caisson design is essentially a duplicate of the Watts Bar 
caisson and is the same as for Cherokee. At the time of this publica- 
tion, only the Watts Bar caisson had been procured. However, the 
Watts Bar caisson is usable, if the need arises, at Watts Bar, Fort 
Loudoun, Cherokee, and Douglas. 

The caisson (fig. 22) is to be a duplicate, of the one designed for 
the Cherokee spillway. It will be a buoyant vessel approximately 
18 feet long, 38 feet deep, and 10 feet wide when in a vertical position 
for closing a spillway opening. It will consist of a watertight steel 
shell supported and stiffened on the inside by horteontal girders, 
vertical trussed frames, and intermediate stiffeners. The horizontal 
girders are mnnbered 1 through 8 from top to bottom of caisson. 
Girder N’o. 1 will comprise the deck on which will be mounted the 
pumping equipment, valve controls, and cleats for mooring lines. 
The caisson will be so shaped and ballasted that it may be careened on 
its side for its maintenance or for towing to some other project for 
use There will be an airtight compartment between horizontal gird- 
ers h os. 5 and 8 which will extend the full length of the caisson. In 
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the bottom there 'will be placed approximately 20 tons of permanent 
concrete and steel ballast. The rest of the compartment will be filled 
with water ballast for noi'mal operation of the caisson in a vertical 
position. With this i)ermanent concrete, steel, and water ballast in 
place the center of gravity of the caisson will be kept below the meta- 
center, and it will be stable under all draft conditions within the 
prescribed limits. If the caisson is to be careened on its side the 
crater ballast will be blown out by air pressure and the caisson tipped 
to either side as desired. Additional temporary water ballast can 
be held above the airtight compartment. Regulation of the draft of 
the caisson within the prescribed limits will be obtained hj filling 
in or pumping out some of this temporary water ballast. Baffles 
in the airtight compartment will be constructed with large openings 
for equalizing and maintenance purposes. Wood and rubber sealing 
devices are mounted on both sides of the caisson so that either side can 
be sealed against the upstream face of the si^illway to prevent leakage 
of water into the space between caisson and the spillway gate. Be- 
cause of possible wide variations in headwater levels, it was necessary 
to install seals and different points of seating on both faces of caisson 
for closure of a spillway gate opening. With headwater elevation 
above 981.5, the caisson will be oj)erated so that the bottom seat will 
rest on supporting brackets on the face of spillway x^iers, and the full 
height of seals will be utilized. When headwater elevation is below 
elevation 987.5 this seat can no longer be floated over the brackets. 
It will then be necessary to turn the caisson 180 degrees so that the 
seat located about 15 feet from the bottom can be brought to rest on 
the x)ier brackets. Brackets for storage of the caisson are on the north 
nonoverflow section. 

In designing the caisson, the horizontal girders forming the internal 
framing are spaced so as to give approximately equal loads upon all 
except the top and bottom gir-ders. The two bottom girders are rigidly 
connected by a series of vertical diaphragms and in the final desigii 
are treated as a single box girder. Basic unit stress is 16,000 pounds 
per square inch. A width of skin plate equal to 100 times its thickness 
is assumed to act as part of the girder flanges. 

Electrical system for spillway, intake, and nonoverflow sections 

Power . — Duplicate power supply cables for the intake gate hoist, 
sluice gate, and spillway traveling gate hoist motors assure flexibility 
and reliability of service. After due consideration was given to the 
loads, voltage dro]3, and regulation a supjoly voltage of 440 volts was 
selected as the most economical. 

Lighting . — Supply for the lighting of the s]3illway, dam, and em- 
bankments is taken from the 440-volt i^ower bus in the gallery at eleva- 
tion 999 and transformed locally for the multiple and series lighting 
circuits. 

Lighting of the spillway and intake decks is by means of Fresnel 
lens fixtures located in the upstream handrails. The embankments are 
lighted by street lighting fixtures with deep pendant hoods and pris- 
matic glass refractors supported on tubular, tapered steel poles wuth 
90-degree curved tops. Lamx)s rated at 120 volts are used, sup^flied 
through series multiple isolating transformers from a 6.6-amx)ere 
constant-current system. 
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Saddle dams Kos. 1 and 3 are lighted by a system similar to that 
use'd on the embankments, hnt the supply is taken from a rural line in 

that vicinity. . 

An extensive system of protective floodlighting was installed for 
the upstream and downstream water approaches to the dam and for 
the embankments and switchyards. All outdoor lights are normally 
controlled by a light-sensitive device located on the roof of the elevator 
tower. They can also be manually controlled from a master switch 
located in the main control room. 

Oommyrncatiom . — Telephones were placed at points on the embank- 
ments and in the concrete structures for communication with the 
central station in the powerhouse. 

INTAKE 

The intake is a straight gravity-type concrete structure, independ- 
ently stable of the powerhouse and separated from the powerhouse 
concrete work by a contraction j oint. It consists of four blocks 55 feet 
6 inches long, which contain penstocks for supplying water to the 
hydraulic turbines, and a fifth block acting as a bulkhead section to 
the service bay area of the powerhouse. 

Four 19-foot-diaineter steel penstocks are embedded in the mass of 
the intake structure. The entrances of the penstocks are j^rotected by 
trashrack structures to stop debris. Three of the penstocks are 
equipped with gates at the upstream face of the dam, which are oper- 
ated by hoists and chains from a gallei'y near the top of the intake 
section. A bypass pipe and valve system permits filling of the pen- 
stock prior to raising the intake gates for turbine operation. The 
valves for control of this system are located in the operating gallery at 
elevation 919.4. 

A vent in the penstock just below the gate, extending up through 
the intake to atmosphere, relieves any pressures in the penstock when 
the gate is closed and the penstock is being unwatered or filled. 

The penstocks for the future unit and the deferred unit 2 are tem- 
porarily plugged by hemispherical steel bulkheads at the upstream 
end. 

Hydraulic and structural layout 

Penstocks are located 61 feet on centers as required for proper con- 
crete embedment for the scroll cases. To minimize the development 
of transverse cracks caused by temperature and shiunkage effects, it 
was desirable that the length of the massive concrete blocks be reduced 
below the 61-foot spacing of the penstocks. A layout was, therefore, 
developed which permitted reducing this length to 55 feet 6 inches by 
varying the relationship of the penstocks to the center lines of the 
intake blocks in which they were embedded. This was accomplished 
by placing the penstocks for imits 1 and 2 at 8 feet 3 inches and 2 feet 
9 inches north of their respective center lines, while the penstocks 
for units 3 and 4 are opposite hand, that is, 2 feet 9 inches and 8 feet 
3 inches south of the center lines of their respective blocks. This 
resulted in a uniform penstock spacing of 61 feet on centers and a 
uniform intake block 55 feet 6 inches long. 

The penstocks are steel lined except at the upstream entrance, which 
is a concrete transition section from a rectangular opening 14 feet 
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8 inches wide by 25 feet 0 inch high to the 19-foot 0-inch diameter at 
the steel pipe lining. 

A 20- by 24-foot pit at the lower end of the penstock and adjacent 
to the powerhouse allows the pipe to “breathe.” From the point 
where the penstock enters the poweihouse concrete to the scroll case 
its entire circumference is covered with a layer of cork mastic to 
permit “breathing” and to prevent load transfer between intake and 
powerhouse structures. 

The trashracks were constructed of ample height to keep entrance 
losses to a minimum and to guard against any possible plugging by 
debris. On the other hand, storage reservoirs of this type are rela- 
tively free of floating drift, and, therefore, it was not considered 
necessary to install special raking or other rack cleaning facilities. 

The decks of the semicircular traslirack structures were set several 
feet above the minimum expected reservoir draw-down level and are 
used as a maintenance space for the intake gates. Such maintenance 
can usually be scheduled during periods of low reservoir level. 



The electrical hay and the control room for the powerhouse were 
economically located in the space available over the toe of the intake 
blocks, making a convenient and compact powerhouse arrangement. 

Stability analysis 

The intake blocks are designed to be stable under all conditions 
of loading without any support from the powerhouse structure. The 
upper portions of the blocks have the same downstream slo]pe as the 
nonoverflow sections, that is, 10 on 7. 

Two controlling loading conditions were analyzed for base eleva- 
tions 840 and 876, as follows : 

Case 1 — ^Dead load of structure with reservoir empty. 

Case 2 — Headwater at elevation 1002 and tailwater at elevation 868.5. , 

The'general design assumptions as stated on page 48 were applied to 
this structure. The results of the analysis made for a 55-foot 6-inch 
length of dam are shown in figure 23. 
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Penstocks 

Four penstocks, each 19 feet in diameter and approximately 123 feet 
long, conduct \rater from the reservoir to the turbines, one penstock 
for each generating unit. Beginning at the fact of the dam, the 
penstocks are directed down'ward on a 3y^ vertical to 12 horizontal 
slope for a distance of approximately 83 feet to an elbow and then con- 
tiiiue horizontally to the scroll case connections. Starting at a point 
63 feet 6 inches from the face of the dam, the penstock is lined with 
a % -inch-thick steel plate. The 5 -foot upper tangent section and the • 
elbow section have single-butt-strap, double-riveted circumferential 
joints. The horizontal section to the scroll case has double-riveted 
lap circumferential joints. All longitudinal joints are double butt 
strap, quadruple-riveted. 

The liner is designed to withstand the full hydrostatic head of 126 
feet plus a pressure due to water hammer computed to be equivalent 
to 30-fc)ot head at the center of the generating units. 

The following working stresses were used in the design : 

Pounds per 
square inch 


Tension (net section of plate) 12,000 

Shear on rivets (nominal cross section) 10, 000 

Bearing on rivets (single shear) 20, 000 

Bearing on rivets (rlonble shear) 24,000 


Although liner plates were installed in the u] 3 per portion of the 
penstocks for Cherokee to serve only as liners, similar liners were 
omitted on this project because of the need for conserving all critical 
materials possible as an aid to the war effort. At the upstream end 
of the steel liners for future unit 4 a hemisiDherical bulkhead consist- 
ing of yo-iuch plate of riveted and welded construction was installed. 
The water load against the bulkhead is transmitted into the concrete 
through a circumferential stiffener ring welded to the liner plate, 
ine bulkhead is riveted to the liner plate. 

Because of the uncertainty of intake gate deliveries, additional 
hemispherical bulkheads were ordered to insure closure of the dam 
as sclieduled. Although the gates were installed prior to closure, 
it was coiisi deled advisable to install a bulkhead iii the pen stock for 
deferred unit 2 as an added precaution against flooding the power- 
house 111 case of sabotage or accidental lifting of the gate. This bulk- 
head IS fastened to the liner plate by means of fillet and plug welds, 
Trashracks 


Each penstock intake is surroimded by a semicircular reinforced 
concrete trashrack structure to protect against the entrance of logs 
and other large trash which niiglit damage the gates or the turbines. 
Bach sti'ucture rests on a reinforced concrete w^all which in plan is 
arranged as four equal chords of a semicircle. The horizontal mem- 
Ders are precast reinforced concrete beams coimecting to vertical con- 
Crete eo unms spaced about 45 degrees. The precast Beams are spaced 
vertically lo feet 8 inches on centers witli a clear space between the 
beams of 14 feet 8 inches, beveii-inch channels are embedded in the 
colics to form slots for the metal trashracks. Four sets of five 
13-±oot-iiigh by 8-foot-o-mch-wide steel trashracks are provided for 
each intake passage of the three authorized units only. ' These racks 
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are designed for a diiferential head of 5 feet and a water velocity 
of 2 A feet per second based on the net area of the racks. 

Intake gates 

The function of each of the intake gates is to close its respective pen- 
stock opening when it is desired to unwater the penstock for inspection 
or maintenance of linings and equipment, or in case of an emergency. 

The general arrangement of an intake gate and hoist is shu^vn in 
figure 24:. Tractor-tyiie gates, approximately 10 feet 2 inches by 30 
feet 3 inches, are installed in the penstock openings of power units 
1, 2, and 3. The penstock for unit 4 is temporarily xihigged by means 
of a steel diaphragm, with provision for installation of an intake gate 
at a future date. Each gate is raised or lowered by an electric-motor- 
driven fixed hoist and hoist chains. Normally, it is not required to 
raise or lower an intake gate under unbalanced' head pressure. A dif- 
ferential pressure switch in the hoist-motor-control circuit prevents 
moving the gate from closed position until water pressure on both sides 
of gate is equalized within close limits. Normal operation of a gate is 
froin the hoist chamber, but for emergency closure a push button is 
provided on the actuator cabinet in the powerhouse. The gates operate 
under a maximum head of 105 feet above the centerline of jieiistock 
ojDening. The normal open storage position of a gate is with its top 
just above the top of the trashrack structure. For general maintenance 
the gate is raised to clear the top of trashrack structure : there it is re- 
moved from the gate guides and blocked out from the face of the 
dam for repair operations. For repair or rei)Iacement of chains, for 
repair of lioist, or for positioning of gate preparatory to reiiKAung 
through the slot in deck, it must be raised to a position just below the 
deck. Ill this position the gate is suspended from the deck by dogging 
beams and chains provided for that imrpose. To lift the gate through 
the slot in the dedc, temporary hoisting equipment must be used. 

The structural framing of each intake gate comprises a series of 
horizontal girders framed at each end into vertical end posts. The 
skin plate is welded to the downstream face of the gate frame. Two 
roller trains, one traveling around each end post, extend the entire 
height of the gate. From normally open position to closed iiositioii, 
the rollers of these trains bear on metal tracks attached to the intake 
masonry and transmit the water pressure on the upstream side of the 
gate to the intake structure. 'VYlien moving upward from normally 
open position the rollers are inactive and the gate hangs fx'eely in 
channel guides. To prevent leakage around the gate when in the closed 
position, a continuous bronze sealing bar is provided along the sides 
and across the top and bottom of the downstream face of the gate. 
When the gate is seated these bars are in contact with corrosion- 
resist ant-steel sealing plates attached to the intake structure, being 
pushed toward the skin plate and held in tight contact with the sealing 
surfaces by uniformly si^aced springs and headwater pressure. The 
bottom of the gate is shaped to reduce the suction force when closing 
under unbalanced head. 

The design of each gate is the same as for the gates installed at 
Hiwassee and Cherokee projects, and it was originally made for the 
former project for 160-foot head. The maxiniimi head at Douglas is 
105 feet. The gates were designed for closure under emergency con- 
ditions with maximum headwater and the unit opex'ating at full 
capacity. The maximum downward load for each gate is the combined 

794091 - 49 - 
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Figure 24 . — Intake gate and gate hoist arrangement. 
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weight of gate and chain in water and the maximum suction force 
acting on the bottom of the gate as it descends across the intake open- 
ing. Basic design stresses do not exceed 16,000 pounds per square inch. 
An allowance of %e inch for corrosion was added to all parts carry- 
ing calculated stresses. 

Intake gate hoists 

Three hoists are installed in chambers in the dam for handling the 
intake gates of units 1, 2, and S. For the future unit 4 only the 
embedded parts have been installed. 

The arrangement for each unit consists of a fixed hoist mounted 
in a chamber near the top of the dam, two chain booms mounted on the 
external upstream face of the dam just in front of the hoist chamber, 
and two hoist chains for connecting the intake gate to the hoist. The 
fixed hoist consists of a central motor driving two standard reducer 
units, which in turn drive two specially designed chain hoists that are 
connected to the gate by the hoist chains. A thrustor-type brake for 
stopping and holding hoist motion is mounted on each side of the 
motor adjacent to a reducer unit. Below each chain hoist a well is 
provided for storing free length of chain. 

Each intake gate travels in guides on the upstreain face of the dam 
and is suspended from its hoist by the twm hoist chains. One end of 
each hoist chain is attached to one of the chain booms; it then passes 
down and around a chain wheel mounted at the top of the gate end 
post, up and around a chain wheel mounted at outer end of chain 
boom, through an opening in the upstream wall of the hoist chamber 
to the chain wheel on the hoist, around and under this chain wheel, 
over and around an idler in the chain hoist, and down into the cham 
well. In raising, the excess chain is stored in the chain well; and in 
lowering, it is withdrawn from it. The hoists are locally controlled 
by “Eaise— Stop— Lower’’ push-button control switches at the motors 
and have an emergency “Lower” push-button control switch on the 
actuator cabinet on the generator room floor. Limit switches on each 
hoist housing control the gate travel for fully closed position, intake 
open storage position, upper limit maintenance position, and raised 
boom position. ' . . . . , . 

A mechanically driven indicator is mounted on one of the cnain 
hoist housings of each fixed hoist unit. A similar indicator is operated 
by a selsyn transmitter on the hoist and a selsyn receiver in the power- 
house control room. Both indicators show the position of the gate in 
feet and tenths of a foot above its closed position. 

The chain booms are so mounted that they can be withdrawn to a 
vertical position under the overhang of the intake deck when it is 
desired to lift the gate up through the opening in the deck. 

Maximum load occurs on each hoist when it lowers a gate across a 
penstock opening for an emergency closure of the penstock under an 
unbalanced head. This load consists essentially of the weight of gate 
and hoist chains in water plus the maximum suction force exerted on 
the bottom of the gate minus the frictional resistances of the gate 
roller trains and gate-sealing surfaces. 

The original hoists were designed to lower a load of 130 net tons at 
a rate of approximately 8 feet per minute. The maximum raising load 
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is ai^prcixinuitely 60 tons. Tlie normal motor torque \Yas based on the 
raismig load of (iO tons. Design of hoist parts was based on the low- 
ering load of 130 tons, with unit stresses not to exceed one-fifth of the 
ullimate strength of the materials. 

Intake gate guides 

The intake gate guides are made up of steel plates formed to provide 
a slot to guide the intake gate and, below elevation 927.40, to provide 
a continuous bearing surface for the roller train and intake gate seal. 

Below elevation 927.40 a i/^-iiich structural steel plate is shaped to 
the desired outline and anchored to the mass conci'ete of the intake 
structure by strap anchors. On this plate a 24- by 3-inch steel billet 
was placed and anchored with bolts wliich screw into upset hooked 
rods embedded in the concrete. To the billet plate were welded stain- 



less steel plates which form the running surface for the roller train 
and the bearing for the gate seal. To permit accurate field adjust- 
ment and to insure proper bearing and load distribution, a lead alloy 
fillex’ metal was poured between the billet and the face of the formed 
plate. 

Above elevation 027.40 the intake gates do not bear against the 
face of the dam but hang suspended on their chains and are held 
in aliiiement by the guides. Between elevations 927.40 and 942.40 
this guide is a i4-inch steel plate formed to the desired shape of slot. 
Between elevation 942.40 and the deck at elevation 999 the slot is 
formed by a 10- by 4-iiicli channel weighing 80.2 pounds per foot. 
Removable sections in the outstanding leg of the clianiiel guide just 
above the trasliraek deck permit the removal of the gate from the 
guides for mainteiianee purposes. 
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POWERHOUSE 

The Douglas powerhouse was designed for four generating units. 
The layout and general design were determined primarily by the 
equipment requirements, including the construction operations neces- 
sary for the placement of the major pieces. Turbine and generator 
requirements set the generator room floor levels at approximately 19 
feet beloiv the maximum design tailwater (see fig. 25). This neces- 
sitated enclosing the generator room against such tailwater conditions. 
Further study favored the semi-outdoor-type powerhouse with a gan- 
try crane mounted on the roof (figs. 25 and 26). For the conditions 
applying at the site the semi-outdoor powerhouse was more economical 
and at the same time had certain other advantages in layout and in 
sj^eecling up the construction operations to meet the emergency nature 
of this project to produce power for the war etfort. The two principal 
advantages in this connection were : 

1. The semioatdoor powerlioiTse facilitated the placement of embedded parts 

for the turbines by means of the revolving: cranes on the construction trestle 
which was located, over the toe of the intake blocks just upstream from the 
powerhouse. The higher superstructure walls tvhich would have been re- 
quired for a fully enclosed type of powerhouse would have interfered with 
such early placement of the embecldecl parts. 

2. The use of the semioutdoor design made it easy to obtain extra space for 

the assembly of the generator rotors and other powerhcnise equipment by 
the gantry crane. The crane rails were extended on the riverbank tm 
reinforced concrete girders some 40 feet beyond tbe regular erection space 
in and on tbe roof of the service bay. This additional 40 feet of space 
available tO' the crane proved particularly valuable in speeding up the 
assembly of heavy powerhouse equipment. 

It' was desirable also to place tlie access road above maximum ex- 
pected tailwater, and the layout with the semioutdoor jDo'^^erhouse 
combined well with this requirement. 

Three generating units were authorized by Congress for the initial 
installation; but one of these, unit 2, was later deferred. The units 
are 61 feet on centers, with the service bay located at the north end 
of the x^owerhouse. The concrete blocks containing the units, draft 
tubes, aiid equipment are separated into individual sections by con- 
traction joints 61 feet on centers. These joints extend from the foun- 
dation rock to the roof of the powerhouse. 

The electrical bay, control room, and office sx)aces are conveniently 
and economically located upstream fi‘oin the units and over the toe 
of the intake blocks. The reception room and q)i-^blic spaces were 
left unfinished during the war emergency to conserve critical materials 
and are scheduled for completion at a later date. 

The electrical bay houses the auxiliary electrical equipment, such 
as the main low-voltage switch gear and connections, generator neutral 
equix)inent, excitation cubicles, and auxiliary x^^wer switchboards. 
Tliis location of equixunent encouraged locating the switchyard close 
to the base of the dam, thus saving in switchyard fill. 

The control room, located at the north end of the electrical bay, 
is apx>roximately centered between the powerhouse equipment ancl 
switchyard equipment. The location is economical in use of control 
cables and convenient for ox:)eration. 
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Figure 26» — Powerhouse floor 
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plans and sections. 
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The powerhouse service bay contains the necessary erection space 
and e(][uipinent for tlie maintenance of the plant. In this section is 
included the machine shop, system drainage sump and accessory pump- 
ing e(tnipment, 5-ton service craiiej oil storage ancl purification e(][uip- 
ment, air-conditioning equipment, ancl other similar items. 


Figure 27. — Control room. 


Figure 28. — Generator room. 

UNIT BAY SUBSTRUCTURE 

Stability analysis 

The stability analyses for the unit bay were made, using the general 
design assumptions as outlined on page 48. Structurally, the power- 
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house is a large rectangular block of concrete with water passages 
through it, and it was analyzed for the following critical design cases : 
Case 1 — ^Dead load only, completed structure. 

Case 2 — Normal operating conditions, with headwater elevation 1002 and tail- 
water elevation S7H. 

Case 3 — Maximum flood condition, with taihvater elevation 919 and ijeristock 
gates closed. 

Case 4 — Construction condition, with taihvater elevation 919 and the fir.st-stage 
construction completed. For this condition ullowahle stresses were 
increased 50 percent. 

The design of reinforcing for the draft tube piers and deck and 
the superstructure walls was important since these members must 
transmit heavy loads to tlie main body of the structure and to the 
foundation. JStresses in the draft tube piers were computed by the 
method of ‘Consistent deflections” determined on the basis that the 
powerhouse loads are carried by a beam with an assumed cross section 
22 feet wide by 16 feet deep, comprising the concrete beam between 
the top of the draft tubes and the lower side of the scroll case. This 
beam is assumed to distribute the loads to the draft tube piers so that 
the deflection of the beam is equal to the difference in the shortening 
of the piers due to the direct load. For deflection calculations the 
modulus of elasticity of the concrete was assumed as 2,000,000 
pounds per square, inch, and the modulus of shear in concrete equals 
800,000 pounds per vSquare inch. 

Draft tubes for units 1, 2, and 3 

The draft tube was designed by the turbine manufacturer to fit the 
unit to be installed. It is a concrete elbow-type draft tube with a 
6-foot' O-iiich central pier dividing the flow in the downstream sec- 
tion. The roof of the draft tube slopes from the outer wall tow^u'd the 
pier at the center. Figure 29 shows a developed plan and sections of 
the draft tube. 

At the bottom of the runner the draft tube is 16 feet 3 inches in 
diameter, gradually flaring and changing from circular to rectangular 
section around the elbow and at the discharge end to a total i*ectangu- 
lar opening 40 feet 6 inches wude, with an average height of 14 feet 
71/4 inches. At rated capacity, when using 4,420 cubic feet per second 
at 100-foot head, the discharge velocity is 7.5 feet per second, or 0.895 
percent of the rated head. 

The upper j)art of the draft tube, just below the turbine runner, 
is lined with a %-inch-thick plate-steel liner which extends 16 feet 
below the center line of the runner. The nose of the pier is also 
protected with a plate-steel nosing. An access manhole tlu*ough the 
steel liner just below the turbine runner provides access for inspection. 

In the floor slab of the draft tube and upstream from the draft 
tube gates three lines of weep holes were placed through the slab 
to the foundation rock to relieve any uplift pressures which might 
accumulate there. In addition, two lines of drain holes were didlled 
a minimum of 8 feet into the foundation rock, yvith outlets into the 
draft tube. A line of these holes was placed just upstream from the 
draft tube gate slots and another at about the low’ point of the draft 
tube. 

Since the substructure, which contains the draft tubes, is essentially 
a mass concrete section, it is subject to considerable shrinkage stress. 
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Figure 29 . — Draft tube neat lines. 


Two-way reinforcement "was, therefore, placed adjacent to all exposed 
faces in tlie draft tube. This reinforcement consisted of 1- and 
incli-square bars at 8 to 12 inches on centers and a minimum depth 
of 5 inches from the face of the concrete. Extra reinforcement was 
placed in the piers and gate slots as required by the desi^i. The down- 
stream extension of the draft tubes below the gates is a 3-column, 
l-story, rigid-frame structure. 

Draft tube for unit 4 

The draft tube structure for the future unit was constructed com- 
plete up to elevation 863, except for a recess provided for the future 
installation of the steel liner just under the turbine runner. The down- 
stream wall and piers were built complete to the deck at elevation 900. 
Whenever desired, the temporary draft tube bulkheads can he set in 
position and the stall unwatered by draining to the powerhouse sumj^. 
Adjacent to the spillway, a wall was built up to elevation 900.08 on 
the top of the draft tube strucUire to serve as part of the north training 
wall of the si3illway. Figure 30 shows the provisions for the future 
unit. 

Draft tube gates and bulkheads 

The function of the draft tube gates is to close off tailwater from tlie 
draft, tubes and scroll cases during construction and afterward during 
the operation of the ]Dlant whenever it becomes necessary to unwater a 
unit. The draft tube gates operate under balanced water pressure, 
the load being applied as the draft tubes are pumped out. 

Bulkheads were used during construction to close off tailwater from 
the draft tubes not closed by draft tube gates and are permanently 
removed after units are installed. The bulkheads also are operated 
under balanced water pressure. 
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Each generating unit has two draft tube passages so that a set of 
two gates is required to close ott one unit. One set of gates is provided 
for the present installation and may be used to close any draft tube. 
Additional gates may be secured if the need arises. Three sets of 
bulkheads were built during construction so that, with the use of a 
set of gates, the draft tubes of all units could be closed olf at the saiiie 
time. The bulkheads will be further used during the construction of 
the future units to close otf their draft tubes. The gates are approx- 
imately 13 feet 5 inches high by '20 feet 3 inches clear opening between 
piers, and the bulkheads are approximately 13 feet 7^4 inches high 
by 20 feet 3 inches clear opening between piers. 



Figure 30 . — Section through powerhouse shotving provisions for future unit 4. 

The gates and bulkheads oi^erate in slots recessed in the concrete 
draft tube piers. The slots have embedded steel liners that provide 
guide, bearing, and sealing surfaces for the gates and bul^eads. 
Each gate and bulkliead is equipped with a chain sling. The slings axe 
fitted with special links for lifting and dogging. At the draft tube 
deck level for each opening there is an embedded steel clogging hook 
over which any of the dogging links may be hooked. In the open 
position the gates are hung just above the draft tube opening by the 
chain slings, thus serving as slot fillers. Handling of the gates and 
bidkheads is by the lifting hook of the 26-ton jib crane mounted on a 
downstream corner of the powerhouse gantry crane. 

The draft tube gates and bulkheads were 'designed for a water load 
varying from a head of 45.04 feet at the top to 58^.38 feet at the bottom 
(see fig. 31). The gate slings were tested for a proof load of 89,000 
pouncls and a breaking load of 178,000 pounds. The bulkhead slings 
were tested for a proof load of 31,350 pounds and a breaking load of 
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82,500 pounds. Basic allowable structural design stress for the gates 
was 18,000 pounds i3er square inch, with a yig-inch corrosion allow- 
ance, and for the bulkheads, 22,500 pounds per square inch, with no 
allowance for corrosion. 

Each gate consists of a downstream vertical skin plate supported by 
horizontal beams that are framed into two structural end posts. The 
skin plate is further supported by intermediate vertical stiffener mem- 
bers. Gate water seals are of rubber molded into the form of a music 
note. With gates in place these seals bear against the surfaces of the 
embedded slot steel. 



te: loading ga te pressure 

DIAGRAM DIAGRAM 



bulkread bulkhead gate in slot bulkhead in slot 

LOADING DIAGRAM PRESSURE DIAGRAM TYPICAL SECTIONS THRU SLOT 

Figure 31. — Draft tube gates and bulkheads — Design, 


Each bulkliead consists of a structural steel frame faced on the 
do^\^stream side with heavy splined ^yood lagging. The frame con- 
sists of horizontal steel beams framed between two vertical structural 
eiici posts and braced with vertical and diagoiral angle framing mem- 
bers. Bulkliead water seal members are of wood. With bulkheads in 
place they bear against the surfaces of the embedded slot steel. 

Scroll cases for units 1 and 3 


The scroH eases are the riveted plate-steel type, having an inlet diam- 
eter ot 15} teet 0 inch with a maximum plate thickness of inches, 
reducing at the smaller end of the easing to a minimum of Vg inch in 
thictaess. The circumferential joints are double-lap riveted : and the 
Jongitudmal joints, where more than one plate is required to complete 
le cireumference, are teple-riveted lap construction. . The steel used 
11 the scroll case is ASTM A-^70039 with 0.25 to 0.30 percent carbon, 
having an ultimate strength of 55,000 to 66,000 pounds per square inch 
and a yield point of not less than 60 percent of the ultimate strength. 
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Based on the contract performance guaranties, the velocity of 
vrater in the penstock and scroll case entrance is 15.G feet per second 
when using 4,420 cubic feet per second at rated capacity. This is 
equivalent to 3.8 feet of head, or 19% percent of the spouting velocitj^ 
at rated head. 

The scroll cases are encased in the mass concrete of the po\Yerliouse 
substructure. A layer of cork-tar mastic ^Yas placed over the upj^er 
two-thirds of the circumference of the scroll cases to permit expansion 
and contraction of the steel plate without transmitting stress to the 
concrete. This material consisted of a 3^Vinch-thick troweled layer 
of a mixture of tar and ground cork applied over a brush prime coat 
of the same tar and covered after application with cotton canvas. At 
the lower extremes of this mastic a porous concrete fillet was x>laced, 
leading to a drain pipe to carry away any leakage. The mastic was 
only placed oyer the inlet part of the scroll and around 144 degrees 
from the longitudinal center line of the units. Is^o mastic was required 
at the small end of the scroll case because of better •supporting 
conditions. 

The scroll cases are designed to take the headwater pressures on 
the unit, and with the mastic filler around the cases only a relatively 
small portion of these stresses will be transferred to the concrete 
encasement. It was not necessary, therefore, to provide reinforce- 
ment around the scroll cases except in the thin sections between the 
scroll case and the turbine pit liner and over that portion of the 
scroll cases which was not covered by the mastic expansion material. 
A layer of porous concrete and drain lines below the generator room 
floor between the structural concrete and the electrical fill intercepts 
any leakage that might come from the scroll case through shrinkage 
cracks in the surrounding concrete. 

The upstream wall of the powerhouse required special design con- 
siderations. It was desired to carry the walls up to finished grade to 
permit the use of the powerhouse gantry crane as soon as possible and 
before concreting in the embedded steel parts of the turbine and gen- 
erator. A heavily reinforced wall was, therefore, constructed to su];)- 
port the crane. 

Care was required in the placement of reinforcement around the 
generator leads. The minimum distance between the center line of 
the nearest reinforcement bar and the center line of generator lead 
was specified to be 9 inches. This distance is, of course, determined 
by the amount of current carried in the leads. In addition also, any 
complete looj^ing of steel around a single generator lead was avoided 
because the induced currents set up would heat up both the generator 
leads and the reinforcing bars, with detrimental effect. 

Scroll case for unit 2 

Since the installation of the turbine and generator, wfith associated 
equipment, for unit 2 was deferred, it was necessary to make provi- 
sions for the later installation of the turbine scroll case, curb and 
speed rings, and all otjier embedded metal paits above the draft- tube 
liner. Unlike the future unit 4, unit 2 is in the enclosed portions of 
the powerhouse; and, therefore, the downstream wall was required 
to withstand tailwater to elevation 919. Also, with the top of con- 
crete in unit 2 partially at elevation 803 and partially at elevation 866 
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and that of tha adjacent units 1 and 3 at elevation 900, there ^ 
resultant lateral thrust which had to be considered for the stability 
of units 1 ancl 3. It was found that this condition resulted in only 
a small tension in one coTiiei‘ of unit 3. Extra reinforcement was 
added in the downstream wall of unit 2, and the haunches near the 
scroll case were increased to the greatest extent possible 'without cur- 
tailing erection clearance around the scroll case. 

The stall was covered by wood flooring, designed for a uniform 
load of 100 pounds per square foot and supported on wooden trusses. 
Finished elevation is the same as the rest of the generator room to 
remove the hazard of a large open pit between units 1 and 3 and at 
the same time improve the appearance of the generator room. A 
plan and section of the temporary construction in unit 2 stall are shown 
in figure 32. 



Figure 32. — Plan and section of temporary construction in unit 2 stall. 

SERVICE BAY SUBSTRUCTURE 

No major design problems were encountered in the service bay sub- 
structure. The rock was excavated to give a uniform base slab thick- 
ness of about 19 feet. This resulted in a structure safe against buoy- 
ancy and overturning. The massive concrete base extends- from the 
foundation up to elevation 884. Above elevation 884 heavy structural 
concrete walls are required to withstand the earth and water pressures 
from the outside as well as to carry the loads from 225-toii gantry 
crane. 

Adjacent to the first unit, a shaft was built with bottom at elevation 
832 to serve as the sump for the powerhouse and dam. The walls 
were made 4 and 6 feet thick and reinforced for water pressure and 
slirinkage. Shrinkage reinforcement was also placed in the faces of 
all vertical shafts, over the roofs of all horizontal shafts and ducts 
in the mass concrete, and in the faces of the substructure walls. 
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The service bay was analyzed for stability under the following 
critical conditions of load: 

Case 1 — Dead load only. 

Case 2 — ^Dry backfill ai’OUiKl exterior walls. 

Case 3 — ^Normal operating condition, with tailwater elevation S73. 

Case 4 — Flood operating condition, with tailwater elevation 910. For this con- 
dition the allowable stresses for reinforced sections w’ere increased 
50 percent. 

The service bay must act as a retaining wall for the materials at the 
riverbank as well as the surcharge loads applied when the heavy 
equipment was assembled in the erection space under the gantry crane. 
A differential water pressure must also be considered because a seal 
was placed in the joint between the seiwice bay and unit 1 at elevation 
888, dropping to elevation 871 in the joint between the service bay and 
intake, and any tailwater above these elevations will build up differ- 
ential hydrostatic pressures in either or both directions. The hori- 
zontal thrust of the gantry crane must also be included. 

POWERHOUSE SUPERSTRUCTURE 

The term “superstructure” includes the generator room and service 
bay walls, all floors carried on steel framing, and the skeleton walls of 
the electrical bay and control room. 

Generator room and service bay 

The superstructure walls above the generator room floor, elevation 
900, were required to carry the loads from- the 225-ton gantry and to 
protect against tailwater elevation 919. These walls were constructed 
as heavy reinforced concrete sections to elevation 928, the roof of the 
generator room. The downstream wall is a l-foot-thick wall designed 
as a cantilever to withstand tailwater to elevation 919 which must also 
supx^ort the rolling load of the gantry crane. The critical design load 
from the gantry is shown in figure 33. The gantry truckload is dis- 
tributed over four wheels and includes dead load, live load, imi^act 
as 10 percent of the live load, traction load, and a wind load of 10 
pounds per square foot on the crane, with components of each force 
acting vertically and horizontally. 


iS'- 0“ c to e trucks 


(pc{) | cb({) 


. j-0* .?-o- 2-0', jrg* 



Critical dtsign toad- ora truck, 
vertical. 4S5* max, 400“ mm 
coinbmfrf with B9“ horuontaf, 
normal to rat! 


Figure 33. — Gantry crane loading for powerhouse wall design. 

The upstream wall is 3 feet thick and is designed to carry the same 
gantry loads as the downstream wall, but is not required to withstand 
tailwater pressures. Special design and extra reinforcement were 
required, where oioenings through the wall occurred, to carry the heavy 
crane loads. 

The roof is built with conventional structural steel framing, the 
steel members being supported on the concrete walls. A large hatch 
opening is provided through the roof over the center of each unit for 
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handling maj or pieces of equipment with the gantry crane. The hatch 
covers are constructed of structural members and steel plates. The 
roof is fabricated from precast concrete slabs carried on the structural 
steel framing. These slabs are covered with a built-up roofing which, 
in turn, is protected by another layer of precast concrete slabs, approx- 
imately 2 feet 6 inches square, selected to serve as a wearing surface 
and to'give a pleasing architectural finisln 

The structural steel framing supporting the roof is tied into the 
concrete walls, thus giving additional support at the top of these sec- 
tions. Although the walls were designed as cantilevers, the support 
given by the roof beams required study to determine whether the 
proj:)©!' amount of reinforcing steel had been placed in the walls to 
take any loads which might be imposed by such construction. This 
condition did affect slightly the required reinforcemeart. 

The contraction joints between the units were carried up through 
the walls and continued through the roof by placing beams on either 
side of the joint, encasing them in concrete and placing a seal between 
the concrete encased beams. The roof flashing was also tied into this 
concrete. 

The erection bay at elevation 900 and the deck over the service bay 
are designed for a live load of 1.000 pounds per square foot. The roof 
over the generator room is designed for a live load of 200 pounds per 
square foot. 

Electrical bay and control room 

For that portion of the powerhouse superstructure which is located 
over the toe of the intake section, including the electrical bay and office 
spaces, convention nl structural steel framing supports structural con- 
crete floors and precast concrete roof slabs. The interior partitions 
and walls are principally tile or concrete brick. The contraction joint 
and filler between the powerhouse and the intake mass concrete sections 
are carried up through the superstructure, since deflections of the 
intake structure under reservoir water loads will, of course, be reflected 
here as well. 

Transverse contraction joints through this portion of the po'wer- 
house superstructure were made to match the joints in the intake struc- 
ture. These joints were made continuous through the walls, floors, 
and yoof slabs b}" double columns and double floor beams, placing one 
on either side of each joint. 

The floors of the machine shop and electric shop are designed for a 
live load of 400 pounds per square foot, while the floors of other equip- 
ment rooms are designed for a live load of 200 pounds per square foot. 
The floors of the lobby, office spaces, toilet and locker rooms, terminal 
room, control room, and other miscellaneous rooms are designed for a 
live load of 100 pounds per square foot. The roof over the office spaces 
and electrical bay is designed for a live load of 50 pounds per square 
foot. The deck at elevation 928 over the telephone room and the floor 
of the electric shop are designed for a live load of 250 pounds per 
square foot or standard H-20 loading, whichever is greater. 

Architectural treatment 

While the major features of the powerhouse WTre designed .to meet 
engineering requirements, the details were influenced by a considera- 
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tion for uniformity of appearance with the other elements of the 
X)roject and a desire to express their function in a simple forthright 
manner. In the design of the control building, some leewav was 
allowed for architectural expression in that a large part of the'^struc- 
ture is devoted to visitors’ facilities and offices, the size and location of 
which were not fixed by the plant layout. 

With the powerhouse overshadowed by the massive structure of the 
dam, the prime consideration was that of establishing a suitable scale. 
A massive appearance was necessary for the walls, and the building 
should appear as^ a smaller block of concrete appended to the dam. 
This was accomplished by making ail walls of concrete and by dividing 
the surfaces into large areas through the use of V-grooves at the con- 
struction and contraction joints, similar to the jointing in the dam 
itself. The addition of square concrete deck slabs over the roofing 
in the deck of the powerhouse and on the roof of the control building 
helped materially in carrying out this effect. ISTo effort was made to 
obtain any special finish on tlie exterior walls of the powerhouse, but 
the use of absorptive form lining on the walls of the control building 
added to the appearance of this building. 

The height of the control building was determined principally by 
the necessary height of ceiling in the control room and the visitors' 
reception room. By extending the higher roof over these two areas, 
sufficient room was added in the attic space to house the t^ublic toilets 
and the air-conditioning equipment. The remainder of the building, 
containing only the offices and corridors, could be made somewhat 
lower, with the office wing folding around the higher section. 

Designs were completed for the visitors’ reception room, rest rooms, 
and toilets, but because of the scarcity of labor and certain critical 
materials, completion of the interior of these areas was deferred until 
after, the war. The proposed layout includes access from the recep- 
tion room to the elevator in the dam and a short corridor to a window 
which allows visitors to see into the control room. 

In the control room an accoustical tile ceiling follows the line of an 
asymmetrical curve in order to deflect the rays of the battery of lights 
behind the operator and to secure indirect lighting of v^irying iiitensitv 
without causing undesirable reflections on the instrument f aces.^ Dull 
gray walls and a blue linoleum tile floor are also used for eliiiiinatioii 
of unnecessary strain on the eyes of the operators. 

The offices are arranged in "a row along the downstream side of the 
building with an unbroken line of windows; they get the maximum 
amount of daylight. They are quite conventional in eliaractei' and 
are conveniently arranged ’with respect to the control room and other 
areas in the plant. The employees’ toilets and locker rooms follow 
closely the type used on other projects, with walls of light-blue glazed 
tile and floors of reddish-brown terrazzo. 

‘ The improbability of condensation of moisture on the walls of the 
generator room made it unnecessary to consider the use of a glazed 
tile or other lining. Since the red ceramic tile floor was the only fixed 
color in the room, the other colors were selected to blend with it. The 
walls were painted concrete color ; the exposed steel was painted blue- 
gray; and the generators, actuator cabinets, and pressure tanks were 
painted blue with yellow trim. 

Motors are rated 440 volts, 3 phase, 60 cycles, with characteristics to 
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suit the particular operation required of each motor. Motors are 
equipped \Yith shoe-type brakes of the rated-torqiie type. 

Power is supplied through a cable on a -vyeatherproof reel which is 
mounted on a sill member at the west end of the crane. The cable is 
115 feet long. No. 4/0, 3-condiictor, rubber-covered. At its outer end 
is a power plug suitable foi" plugging into power receptacles spaced 
approximately 146 feet apart in the operating deck. To keep pay- 
out of the conductor cable within safe limits of its length, an alarm 
bell on the reel rings when approximately 75 feet of cable is unreeled, 
and a limit switch automatically cuts off power to the crane when 
83 feet of cable is unreeled. 

Controls are located in the operator’s cab and are so arranged that 
one man can control all movements of the crane. Controls^ for all 
crane motors are of the full-magnetic, reversing, time-limiting, ac- 
celebz’ation type, oj^erated by master switches. They are designated 
to limit the vertical movement of the main hooks to %6 inch, when 
starting from rest, and to limit the movement of the auxiliary hooks, 
the trolley and gantry travels, and the jib-boom slewing to 14 iRcli, 
when starting from rest. Controls are so arranged that the operation 
of the crane travel, the trolley travel, and the hook hoist is limited to 
one motion at a time. 

TURBINES AND GOVERNORS 

The hydraulic turbines are the vertical-shaft, plate-steel, spiral-case 
type and the governors are the cabinet- actuator type, a twin cabinet 
housing the equipment for units 1 and 2 and a single cabinet hous- 
ing the equipment for unit 3. 

Turbines 

The turbines are rated at 41,500 horsepower, 100-foot head, 94.7 
revolutions per minute. While this speed gives a relatively low spe- 
cific speed for a normal head of 100 f eet, the rumier was selected so as 
to be safe against cavitation and vibration when operating under the 
maximum head of 130 feet. The S23eed was selected so that the run- 
ner would develop best efficiency wdien operating under about 110- 
foot net head. 

^ Turbine detaih.—^^ cast-steel speed ring forms the main founda- 
tion ring for the turbine, and the 20 stay vanes act as vertical columns 
to transmit to the foundation the weight of the structures and equip- 
ment above. The scroll case is riveted to the speed ring at its 
periphery. 

^ The runner is a 1-piece casting with 15 blades. The inlet diameter 
IS 165 inches and the throat diameter is 171 inches. The runner is 
bolted to the turbine shaft, which lias a diameter of 33 inches and a 
ien^h of 12 feet 6% inches. The main shaft is a mild-steel forging 
With flanges at both ends— the upper flange for bolting to the gener- 
ate shaft and the lower flange for bolting to the runnen 

The turbine shaft is guided in a babbitt-lined, oil-lubricated bearing 
haying a diameter of 3314 inches. A chromium steel corrosion-resist- 
ant sleeve, 33% inches in diameter by 11% inches high, protects the 
shaft, where it passes through a packing box at the head cover. The 
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lubricating oil for the turbine bearing is circulated by a motor-driven 
pump which draws the oil from a small reservoir located in a recess 
in the turbine pit and delivers it through a fine strainer to a chamber 
in the upper part of the bearing. From the chamber it flows by 
gravity to lubricate and cool the bearing. The main circulating pump 
is driven by a 440-volt, 60~cycle, 3-phase, alternating-current motor. 
The normal pump pressure is approximately 15 pounds per square 
inch. In case of failure of the station-service supplvj a flow -indicat or 
and pressure-control device closes contacts, causing an alarm to ring 
on the governor board and starting an auxiliary circulating pump 
driven from the 250-volt storage-battery supply. No cooling coils are 
required to cool the oil, because the amount of heat generated by the 
bearing is slight. Kesistance-type thermocouples are embedded in 
the bearing, and a record of their temperatures is printed continuously 
on an instrument on the governor panel. A bulb-type remote-indi- 
cating thermometer is also embedded in one section of the bearing, 
and the indicator, mounted on the governor actuator, is equipped with 
a contact which causes an alarm to sound in case of high temperatures. 

Twenty cast-steel wicket gates control the flow of water to the 
turbine runner. The amount of water admitted to the turbine is 
controlled by the two servomotors through a central shifting ring 
which is connected to the upper end of each gate by a link-and-pin 
mechanism.. In each gate connection a shearing pin protects the 
mechanism in case a foreign object becomes wedged between the gates. 
An eccentrically turned pin in each mechanism permits individual 
adjustment to secure proper seating of each gate in the closed position. 

The unit is set with the center line of the runner at elevation 8T6, 
and since the normal tailwater is approximately elevation 873 when 
two units are operating, or nearly elevation 8T0 with no flow through 
the powerhouse, the runner spins free of tailwater. Wlien motored 
for power factor correction, or as an operating reserve to come on the 
line in case of emergency, the only loss in the unit is the energy re- 
quired to spin the generator plus the windage and friction losses in the 
revolving parts. This amounts to about 640 kilowatts. An air valve 
admits air to the turbine when it is operating at light loads or during 
periods of motoring. The position of the air valve is controlled by a 
linkage connected to the guide vane mechanism. Tests indicated that 
the valve should start to open at about 45-percent gate opening. 
Other tests conducted with this air valve, both open and closed, indi- 
cated that at light loads the admission of air to the space around the 
runner resulted in an increased production of nearly 2,000 kilowatts. 
For gate openings above 45 percent, the admission of air would cause 
a slight decrease in the output of the turbine. 

Field tests — ^While no water measurements have been made to deter- 
mine the exact efficiency of the units, index tests and cax:)acity tests 
have been conducted to determine the output of the units and to'^ deter- 
mine the shape of the efficiency curves. Figure 34 shows the perform- 
ance curves from a minimum head of 55 feet to a maximum head of 
145 feet. Tests indicate that the turbines exceed their caj)acity guar- 
anties by about 11 percent. At any head above 100 feet, the turbine 
output is limited by the 83,333 kilovolt-ampere rating of the genera- 
tor. For heads above 112 feet, the 80° rating of the generator, 38,333 
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Figure 34. — Performance curves for Douglas units. 


kilovolt-amiDeres at IGO-percent po-wer factor, can be exceeded at full 
gate opening. 

There are two methods of limiting the turbine gate opening to pre- 
vent excess load on the generator during periods of high head. A 
mechanical block is fastened to one of the guide vane cylinders ; this 
block can be adjusted to limit the maximum guide Vane opening to 
approximately 60 percent of full opening. The adjustment on the 
block is changed gradually as the head changes. The second method 
consists of a gate limit control on the governor; this control can be 
set to limit the maximum gate opening to any value between zero and 
full gate. 

Governors 

A twin actuator cabinet was provided for units 1 and 2 and a single 
actuator cabinet for unit 3. These enclosures contain all the essential 
elements for the governors. Each of the two sets of equipment in 
the double cabinet includes a 150-gallon-per-niinute, 300-pound-per- 
square-inch-pressure oil pump driven by a 40-horsepower motor, a 
governor control colunon on which is mounted the motor-driven fly- 
balls and the control panels, a main governor relay valve and pilot 
valve, shut-off valves and hand control valves, auxiliary pressure 
switches, and other controls. The combined oil sump tank for units 
1 and 2 is in the lower part of the cabinet. It has a partition with 
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Figure 35 , — Governor cabinet. 


isolating valves so tliat the sump for either governor can be operated 
separately. Units 1 and 2 also have intercoimected oil x^ressiire sys- 
tems which enable both governors to be operated from one 
The unit 3 governor is entirely separate (see fig. 35) . Two 150-gallon- 
per-minute pumps, one of which is a stand-by, supply oil for this unit. 

One pressure tank for each unit is located behind the actuator on 
the generator room floor. The volume of each xiressure tank is 17*2 
cubic feet, of which 43 cubic feet is usable oil. The air cushion on the 
oil pressure tanks is maintained by a small motor-driven air compres- 
sor of 8-cubic-foot-per~minute capacity and SOO-XDOund-per-square- 
iiich pressure. The compressor is mounted in the lower gallery, and 
X)iping is arranged to supply all three pressure tanks. 

The bore of the guide vane cylinders is 22 inches, the stroke is 18.625 
inches, and the x)iston rod is 6 inches in diameter. For a net stroke of 
the two guide vane servomotors in one direction, the volume of oil 
displaced is 13,640 cubic inches. Five-inch |iipes are used for the 
main oil supx)ly lines. 

The generator brakes are controlled by a small air brake valve 
mounted on the actuator. The operation is entirely manual, and the 
valve is three-way, with a pressure switch connected to the brake cyl- 
inder line.' An alarm sounds if the brakes are applied when the unit 
is operating under load, 

GENERATORS AND AUXILIARIES 

Generators 

The generator rating and capacity were selected to match the turbine 
output at normal and maximum heads. The turbine has a rated 
output, at rated head and best gate, of 41,500 horsepower, ^ and at 
maximum head and full gate, 50,000 horsepower. Corresponding gen- 
erator outputs, with efficiency of about 97 percent, are 30,000 and 
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oB^OOO kilowatts. Eacli generator w^ therefore rated at 30,000 kilo- 
watts, contiiHious at 00° centigrade rise and, with normal design, has 
lb capacity of 34,500 kilowatts continuous at 80° centigrade rise. It 
will therefore operate most of the time at 60° centigrade rise which 
is conservative for its type B insulation, and under the infrequent liigh 
head conditions, it can carry the maximum the turbine can deliver 
'without serious reduction of life expectancy. System conditions justi- 
fied a 0.9 power factor, and each generator is rated 33,333 kilovolt- 
amperes, 13.8 kilovolts, 3 phase, 60 cycles, 60° centigrade rise about 
40° centigrade ambient air, 94.7 revolutions per minute. The turbine 
and generator arrangement is shown in figure 36. 

Each generator is the vertical water-wheel -driven type with com- 
bination Eangsbury-type thrust and segmental guide bearing located 
below the rotor. The generator is totally enclosed, air-cooled, with 
water-cooled heat exchangers within the housing. 



Figure 36. — Turbine and generator arrangement. 
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The stator frame is of welded rolled steel-plate construction cand was 
built in four sections to facilitate shipment and erection. The stator 
core is built of silicon steel laminations clamped in place by bolts and 
butted together at the four joints. Ventilating fans on the rotor cir- 
culate cooling air through the end turns and through the air gap and 
vent ducts between laminations. The hot air discharges bet'ween pairs 
of the surface air coolers, flows circiimferentiall}^ through coolers, and 
returns over the top of the stator and through the bottom of the stator 
wrapper plate for recirculation. The ventilating system is sealed, off 
at the bottom of the lower bearing bracket, thus providing a convenient 
working platform with ample headroom for bearing inspection. The 
exciters are separately ventilated. 

Stator windings consist of stranded copper with mica tape turn and 
coil insulation, in accordance with AIEE standards for class B insula- 
tion. The stator was completely wound at the factory, except for the 
parting coils between stator sections; these were installed after the 
stator was assembled and alined in the powerhouse. The main and 
neutral leads are brought out between two of the surface coolers at 
the upstream side of the unit, where connection is made to the station 
cables. The 3-]ohase stator windings are star-connected with two equal 
circuit groups connected in parallel to form each phase. The neutral 
is grounded through a breaker and a 1-ohm reactor. To keep the 
windings dry while the unit is idle, ten 2-kilowatt heaters are dis- 
tributed inside the generator air enclosure below the stator windings. 

Twelve resistance temperature detector coils, embedded in the arma- 
ture windings to obtain winding temperatures, connect to indicating 
and recording instruments located on the control room recording 
board. 

TheTotor spider arms are of fabricated steel plate and the rim is 
of laminated steel. The rotor is designed for a maximum runaway 
speed of 190 revolutions per minute. The field poles are built up of 
punched steel laminations and are held in dovetailed slots in the rotor 
rim by keys and wedges. The poles can be removed without removing 
the rotor from the stator. Field windings consist of edge-wound 
copper strips with asbestos turn and sheet mica pole body insulation, 
conforming to AIEE class B standards. The generator brake shoes 
bear on a brake ring, with removable wearing surfaces, which is 
mounted under the rotor. Six combination brakes and jacks are 
mounted on the thrust bearing bracket main beams and side arms. 
Compressed air is used for braking and oil for jacking. The air 
pressure is controlled manually at the actuator, and the oil pressime 
is applied by a portable oil pump to be coimected to the air header when 
reQuired. 

Amortisseur windings consist of low-resistance bars inserted in slots 
in each pole piece and silver-soldered to segments at each end. 
are nonconnected between poles and are designed so that the ratio or 
quadrature to direct axis siibtransient reactance will not exceed 1.3. 

Collector rings placed above the rotor are fitted with suitable brush 
ilo'O’iiig and direct connections to the main exciter armature. A pilot 
brush on each of the two rings, together with a field shunt, is used for 
indicating and recording temperatures in the field winding at the 
recording board in the main control room. 



92 


THE DOUGLAS PROJECT 


Tlie forged steel generator shaft, 33 inches in diameter, is machined 
and polished. A 6-inch-diameter bore hole was drilled for inspection 
of the forging. The shaft is a single forging with an integral flange at 
the bottom to connect with the turbine shaft, two at the top to support 
the rotor, and a heavy intermediate flange to carry the rotating load 
to the thrust hearing. 

The upper bracket, which supports the stationary exciter parts and 
the top air enclosure plates, consists of fabricated steel beams supported 
on pads on top of the stator frame. The lower bracket, which supports 
the combined thrust and guide bearing, consists of two main beams 
spanning the turbine pit and resting on four sole plates. ^ A side arm 
is framed to each side of the main bracket to insure stability. 

The thrust bearing, which is located below the rotor, is the Kingsbury 
type with flat shoes, and is designed to carry a maximum load of 450 
tons. The shoes are supported by adjustable jackscrews arranged so 
that each shoe may be adjusted independently. The bearing is 
immersed in oil, which is cooled by water coolers placed in the oil 
reservoir. Bearing parts are so designed that sections may be taken 
out horizontally through openings in the oil housing. The openings 
are normally sealed with gasketed covers. The guide bearing is of 
the acljustable-shoe type and is located in the same oil reservoir with 
the thrust bearing. 

The exciter field rheostat and circuit breaker are located in the 
electrical bay at elevation 900. The regulator main control element, 
cross-current compensator, and voltage-adjusting rheostat are all 
mounted on the main control switchboard. The main control element 
is the iioncontinuous vibrating type responsive to average 3-pliase 
voltage and designed for high-speed excitation. The regulator is 
capable of responding to alternating-current voltage change wnthin 
a period of 3 cycles and is sensitive to a O.o percent voltage variation. 

Fire protection nozzles are located in ring headers above and below 
the rotor. The nozzles are connected to the carbon-dioxide fire-extin- 
guisher system No. 1. The control is operated automatically by ther- 
mostats placed in generator hot-air ducts, or by the generator differ- 
ential relays, and manually by switches on the actuator cabinet. 

A rotor erection pedestal in the service bay at elevation 900 supports 
and alines the rotor arms during assembly and stacking of the rotor. 
This pedestal will also be used to support the rotor when a unit is 
dismantled. No special provisions wTre made for bearing bracket as- 
sembly, since it is possible to support the bracket on wood cribbing 
}) laced on the service-bay deck at a height sufficient to permit assembly 
of the shaft and bearing parts. 

Exciters 

A separately excited 220-kilowatt main exciter and a compound- 
wound self -excited pilot exciter are connected to the main shaft of each 
generator above the generator housing. The exciters have class A 
insulation. Air for the exciters is drawn from the generator room, 
passed downward through the exciters, and discharged into the gen- 
erator room through a discharge duct designed to prevent recircula- 
tion of heated air. 
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Main low-voltage switch gear 

Connections irom the generator terniinals to the main low-voltage 
switch gear housings are made ^Yith compaet-seetor-trpe, varnished 
cambric-insulated, shielded, rubber- jacketed cables, carried in separate 
fiber ducts embedded in the generator room ^ioo^^ Two 1,750,000- 
circular-mil cables per phase are used. The ends of each cable have 
built-up creepage terminals, and the shielding is grounded at one end. 



Figure 37.— Mam low-voltage sidtch gear housing. 


The switch gear housings (see fig. 37), which are sheet steel with 
asbestos-cement barriers, and the neutral reactor cubicles aie located 
in separate rooms, thereby affording complete isolation of this equip- 
ment. The connections continue through the housings as bare copper 
bar conductors on porcelain insulators to^ facilitate the connections 
to instrument transformers, disconnect switches, breakeis, and surge 
protective equipment located in the housings. The breakers are rated 
15 kilovolts, 2,000 amperes, 1,000,000 kilovolt-amperes interrupting 
capacity. The housings of units 1 and 3 also enclose switch geai xoi 
the station service transformers. 
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Eacli generator neutral reactor with its oil circuit breaker and dis- 
connect switch is enclosed in a steel cubicle in the electrical bay. The 
reactor design was based on maximum current flow of 4,000 amperes 
for 1 minute, with all heat stored within the reactor, and a temperature 
rise of 195° centigrade above an ambient temperature of 40° centi- 
grade. It is insulated for 15,000 volts, the reactance is 1 ohm, and the 
resistance is 0.1 ohm. 

Connections from the switch gears to the main transformers in the 
switchyard are made with compact-sector-type, paper-insulated, 
shielded, lead-covered, lead-protected cables carried in fiber ducts en- 
cased in concrete envelopes. Two 1,750,000-circular-mil cables are used 
per phase. Paper-insulated lead-covered cable was selected as most 
economical for these 1 onger runs. The shielding tapes and lead sheaths 
are groundecl at one end of each length, and the resulting sheath volt- 
age is less than 18 volts. Acceptance of the sheath voltage was con- 
sidered better than acceptance of circulating currents, which would 
increase the temperature of the cables, thereby requiring larger cables. 
The configuration of the cables in each duct bank was designed to 
minimize unbalanced currents between parallel cables of a phase. 

Main control switchboards 

The controls, instruments, and relays for the major electrical equip- 
ment of the powerhouse and switchyard are centralized at a seven- 
panel control benchboard and a seven-panel vertical back-to-back in- 
strimient and relay board in the control room. A five-panel board at 
the right end of the room controls and distributes XDOwer from the 250- 
volt station control battery, the 48-volt annunciator battery, and the 
115-volt alternating-current prefemed service. A six-panel board is 
placed at the left end of the room for recording instruments and load- 
frequency control equipment. All switchboards are totally enclosed 
cubicles of %-inch stretcher-leveled steel with dull black finish. 

All indicating and recording instruments are semiflush type, with 
dull black cases and white dials and charts. All equipment on the 
relay board is projection type, since some of the items on this board 
were not readily available in satisfactory semiflush cases. Appearance 
is of less consideration, however, on these relay panels, because they 
face the wall. Metal mimic busses of distinctive finishes to repre- 
sent different voltages and control switches with handles of distinctive 
shapes and colors for various functions are arranged on the bench- 
board to agi^ee with the physical arrangement of the controlled 
circuits. 

The automatic load-frequency-control equipment consists of a unit- 
load controller for each generator, a station-load recorder, a tie-line 
load-recorded controller, a master load- frequency controller, and the 
associated selector switches and auxiliary devices required to accom- 
plish any of the following operating conditions within the limits of 
the station’s generating capacity: (1) Assist in system- frequency 
regulation, (2) maintain a predetermined load on a selected tie line, 
(3) maintain a constant output or station base load, (4) absorb local 
load changes, (5) maintain a predetermined load on each generator, 
( 6) perniit synchronous condenser operation of one or more units with 
automatic load pick-up in case of tie-line failure. 

The main control storage battery floats at 258 volts across the out- 
put of either of two 20-kilowatt, diverter-pole-type motor^generator 
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charging sets. This dependable direct-current supply is used for oil 
circuit-breaker operation, miscellaneous control, emergency lighting, 
and operation of a small direct-current to alternating-current motor- 
generator set for an emergency supply to the llo-volt alternating-cur- 
rent preferred service bus. The battery has a capacity of 199 ampere- 
hours at the 1-hour rate, \?hich is sufficient to carry the direct-current 
loads for 1 hour. An additional reserve capacity of 150 amperes for 
1 minute is available for oil circuit-breaker operation. Battery dis- 
tribution ciixuits are controlled by double-pole air-circuit breakers 
equipped with both thermal and instantaneous trip and with an in- 
terrupting capacity of 10,000 amperes. 

The 115-volt alternating-current preferred service bus is used for 
station clocks, chart drive motors of recording instruments, and 
carrier-current telephone equipment. This bus is normally energized 
by a circuit from the lighting switchboard. Starting and stopping 
of the emergency supply motor-generator set and transfer of load are 
automatic upon failure and restoration of the normal supply circuit. 

A six-element automatic oscillograph on the relay board records 
transmission line faults and checks the performance of protective 
relays. Current and x^otential circuits are connected to the oscillo- 
graph through a plug and block arrangement mounted back of the 
panel to facilitate the selection of any line. 

To secure short excitation circuits, the pilot exciter rheostat, main 
exciter rheostat, main exciter field breaker, and voltage regulator 
contactors for each generator are assembled in a steel excitation cubicle 
located in the electrical bay opposite the generator. The voltage 
regulators are mounted on the respective generator panels of the in- 
strument board in the control room, where they are under the oper- 
ator’s observation. The overvoltage relays for both the pilot exciter 
and the generator operate contactors which insert resistance in the 
pilot exciter and main exciter field circuits. This keeps the voltage 
within safe limits during periods of system disturbances or overspeed. 

Controls for the unit auxiliaries and local manual controls for the 
turbine and governor equipment are mounted on combined gage and 
control boards which form the fronts of actuator cubicles on the gen- 
erator room floor. Other station auxiliaries are controlled from local 
push-button stations near the equipment. 

Control wiring between switchboards and controlled equipment 
consists of multiconductor cables which are insulated for 600-volt 
service with 35-percent performance rubber. Some are covered with 
60-percent tough rubber jackets; others are covered with a tape and 
weatherproof braid ; and the remainder are insulated with rubber com- 
pound and covered with tape and weatherproof braid. The change in 
the insulation and covering was due to wartime restrictions on the 
use of crude or reclaimed rubber during the fabrication of this cable. 
From the terminal blocks back of the switchboard panels, the cables 
are taken through floor slots to the spreading room below the control 
room, being carried on formed asbestos-cement trays through the 
powerhouse control cable tunnel or tlirough 3-incIi fiber duct runs to 
manholes in the switchyard and then routed through steel conduits 
to terminals at the equipment. The terminal blocks located back of 
the switchboard panels flijninate terminal cabinets on the floor below, 
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and tlie open-tray system of routing cables facilitates installation, in- 
spection, and maintenance. 

Relays 

The generators are protected against faults by phase differei^ial 
relays of the induction type, operating on percentage current differ- 
ential, and by differentially connected ground overcurrent relays of 
the high-speed induction type. In addition, the generators are pro- 
tected by back-up phase overcurrent relays of the induction type. Each 
generator is protected against overvoltage by an alteiuiating-current 
overvoltage relay of the instantaneous type, operated in conjunction 
with a rectifier unit to make the performance of the relay independent 

of frequency. ’ ^ 

Main power ti*aiisf ormers and station service ^ transiorniers are 
protected by phase differential relays of the induction type operating 
on percentage current differential. The main 154:-kilovolt bus is pro- 
tected by differentially connected overcurrent relays of the high-speed 
induction type. 

The 154-kilovolt transmission lines are protected by S-zoiie distance 
relays and high-speed current-polarized directional ground relays op- 
erated in conjunction with carrier- current pilot relays and auxiliaries. 
In addition, back-up ground relays of both the current-polarized and 
potential-polarized types are used on each line. Automatic single-shot 
recloser relays supervised by voltage check and synchronism check 
relays can be aj)plied to each line by operation of approioriate selector 
switches. 

AUXILIARY POWER 

Auxiliary power at 440 volts is normally supplied from the main 
generators or from the 154-kilo volt system through duplicate 3 -phase, 
1,000-kilovoit-ampere station service transformers connected to the 
13,S-kilovolt generator leads of units 1 and 3. Each station service 
transformer has sufficient capacity to carry the auxiliary power, heat- 
ing, and lighting loads of the ultimate four -unit station. The demand 
of this load is estimated at 900 kilovolt-amperes. The connected load 
is 2,700 kilovolt-amperes. 

Emergency powder is supi3lied from a local 12-kilovolt rural line 
through a 3-phase, 600-kilovolt-ampere transformer. In the rare event 
of loss of all generation and transmission line connections, power to 
operate essential auxiliaries such as spillway gates, pumios, and light- 
ing is obtained from a 200-ldlovolt-ainpere, gasolhie-engine-driven 
generator set. This generator is controlled from a single-panel cubicle 
located in the gasoline engine generator room and can be connected 
to the air-conditioning board for periodic loading and testing. 

Power from the two normal and two emergency sources is distributed 
to the. unit axixiliary power boards, the common auxiliary ])ower board, 
the air-conditioning board, the station lighting transformers, the un- 
watering pumps, the powerhouse crane, and the intake and spillway 
sections of the dam through air circuit breakers on a two-section main 
auxiliary power board located in the electrical bay between the trans- 
formers. 

Duplicate bus sections on the main hoard, duplicate feeders to all 
important load centers, and duplicate and alternate equipment for 
the essential auxiliaries insure continuous operation of the eiuxiliary 
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services and also permit tlie retirement of parts of the auxiliary power 
system for inspection and maintenance without seriously curtailing 
plant oxierations. Main feeders are equipped ^Yith breakers at their 
source and double-throw selector switches at their destination to pre- 
vent the paralleling of the two normal auxiliary power sources. 

The self-cooled IjOOO-kilovolt-ainpere transformers are filled with 
noninflammable liquid and located indoors. The switchboards are 
dead front, totally enclosed, and of steel cubicle construction with 
dull-black exterior finish and light-gray interiors. The two main in- 
coming breakers and the bus tie breaker of the main auxiliary power 
board have an interrupting rating of 40,000 amperes, and the other 
breakers are rated at 20,000 amperes. The incoming bi-eakers and 
bus section breakers are electrically controlled from the main control 
room. All feeder breakers on tliis board are manually'' operated. Cir- 
cuits that connect direct to loads are controlled by fused knife switches 
and contactors with thermal overload elements. Individual motors 
and heaters are controlled at points of utilization. 

Power circuits leaving the board consist of single-conductor cables, 
insulated for 1,000-volt service, with 35 percent performance rubber. 
Some are covered wdth a 60-percent tough rubber jacket, and some 
are covered with a tape and weatherproof braid. The change in 
covering was due to wartime restrictions on the use of crude or re- 
claimed rubber duiung the fabrication of this cable. 

STATION SERVICE FACILITIES 
Lighting and heating 

The powerhouse alternating-current lighting system and small 
heaters are supplied from two 100-kilovolt-ampere, single-phase, 
noninflammable liquid-filled, 480-240/120-volt, indoor-type trans- 
formers. The primaries are connected to different bus sections of 
the main 440-volt auxiliary power switchboard. Each main lighting 
transformer and its primary feeder have a capacity of about 75 per- 
cent of the combined lighting and heating load. They are normally 
operated independently on the two halves of the system, but manual 
switching on the lighting and heating distribution board permits 
feeding the entire system from either transformer. The main light- 
ing and heating distribution switchboard and transformers are cen- 
trally located in a room in the electrical bay. Low-voltage receptacle 
outlets in the turbine pit areas are energized from local transformers 
rated at 2 kilovolt-amperes, 230-115/32 volts. 

Lighting for the switchyard, elevator tower, intake gate and sluice 
gate galleries, north and south embankment, and parking areas is 
supplied from local transformers fed at 440-volt current. 

Distribution is by the usual mains, distribution cabinets, and 
branch circuits. Practically all switching is local at the point of utili- 
zation. All outside lighting is controlled by automatic photoelectric 
devices in addition to manual control. 

The control room has a specially designed asymmetrical indirect 
lighting system utilizing an arched ceiling and a bank of cove lights 
along the side of the room behind the operator. Illumination of pub- 
lic areas within the control building will be provided by fixtures of 
special design selected to harmonize with the architectural features 
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when these areas are completed. Lighting in the generator room con- 
sists of high-hay direct-tyi^e orerhead units. Other areas in the 
pcvverhouse are lighted \Yith standard types of industrial fixtures. 
Substation-type fixtures are used for general lighting in the switch- 
yard and along the yard fence. 

Emergency lighting is supplied from the 250-Tolt station control 
battery. Emergency lights are located at all vital locations, such as 
the main control room, auxiliary power board room, switch gear 
rooms, stairways, and generator room, and are so spaced as to form 
a part of the normal lighting system. The lamps, which ai’c of the 
230-volt class, normally operate on the 230-volt alternating-current 
normal lighting circuits, but during a power failure an automatic 
throw-over switch connects them to the 258-volt station control bat- 
tery. Upon the return of power, the switch automatically reconnects 
them to their normal alternating current. 

An extensive system of protective fioodlighting illuminates all 
approaches to the powerhouse, switchyard, and parking areas. The 
protective floodlighting is of a temporary nature and can be dis- 
mantled after the war without affecting the normal lighting. 

Grounding system 

The power and protective grounding system includes three low- 
resistance ground mats : one in tlie fill downstream from the power- 
house along the training wall, another in the reservoir near the north 
nonoverflow dam, and a third in the reservoir extending along the 
entire intake and spillway sections of the dam. The tlmee ground-’ 
ing mats are connected to the station grounding network through test 
boxes in such manner that each mat can be tested separately. Tests 
using a remote reference ground indicate that the combined ground- 
ing mats have a resistance to earth of approximately 1.0 ohm. 

Generator neutrals, transformer neutrals, lightning arresters, equip- 
ment frames, steel structures, and transmission towers are all con- 
nected to the grounding system. A protective ground network just 
below the surface of the switchyard equalizes potential gradients in 
the switchyard, Steel p-atings are placed at operating points and 
grounded to the network to give additional protection to the opera- 
tors. The general layout for grounding is shown in figure 38. 

Signals and annunciator system 

Audible and visual annunciation signals operate for excessive tem- 
peratures of bearings, windings, air and oil, abnormal liquid levels 
and flows, and faulty operation of equipment throughout the station. 
Those deserving the attention of the control room operator are located 
in the main control room, and those requiring the attention of the tur- 
bine room operator are located on the goveriier actuator boards. 

Ill addition to the annunciator, an operation recorder, which auto- 
matically records all annunciations and all normal operations of major 
switching equipment, is mounted on the operator’s desk in the control 
room. Each recording on the strip chart of the recorder identifies 
the source of the signal and records the date and time when the signal 
is printed. 

Commumcation system 

The local telephone system consists primarily of two units: a 
manual key-type switchboard of 12 lines built into the control room 
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operator’s desk, used to terminate important direct circuits for use of 
the operator ; an automatic switchboard of 40 lines installed in the tele- 
phone room, used for intercommunication between the various local 
telephone instruments distributed about the powerliouse, dam, and 
switchyard. Use of the automatic equipment avoids the necessity of 
disturbing the control room operator when local calls are made. The 
manual and automatic switchboards are interconnected by two i2-way 
dial trunks any one 1-way executive right-of-way trunk" The latter 
is used to alloTv the operator to make an urgent call to a busy line. 
The equipment permits conference service between six selected tele- 
phones. Fire and police signaling and code-call service for locating 
officials and employees are available by dialing appropriate numbers 
from any telephone instrument. 


Max HW £f 1002.0 
Min HW £/ 33S.0 


S0O mcfn hare cabM buried 


£00 mcm bare cable buried 



Figure 38. — Electrical pounding system. 


Outside telephone service to other plants on the system is available 
by use of a single-frequency duplex carrier-current telephone channel 
operating over two-phase wires of the 154-kilovqlt transmission lines. 
An extension telephone line from the local carrier-current apparatus 
is terminated on the operator’s manual switchboard, and all communi- 
cations to the load dispatcher and other generating stations on this 
carrier channel may be initiated by dialing the appropriate number 
of the remote station. 

Emergency communication with the stations at opposite ends of the 
154-kilovolt lines is also available by use of a portable test telephone 
attachment used to modulate the carrier pilot relay channel operating 
over each line section. 

Leased wire lines of the Bell system are also available for use in 
reaching points not covered by the pqw^' .line.S|iTier-curreiit system 
and as a stand-by for the latter 
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Fire protection system 

Two separate automatic carbon-dioxide fire-extinguishing systems 
are provided. System 1 protects the generators, and system 2 pro- 
tects the oil storage, the oil purification, and the gas-electric genera- 
tor rooms. Both systems are arranged for remote automatic electrical 
operation and for local manual operation. 

System 1 consists of three banks of 50-poimd cylinders, an initial 
discharge and a reserve bank, each consisting of 20 cylinders, and a 
delayed discharge bank of 14 : cylinders. The initial bank is arranged 
for the simultaneous discharge of 20 cylinders to either generator. 
The delayed discharge hank is arranged for intermittent discharges 
to maintain sufficient concentration of carbon dioxide. In the 
14,000 cubic feet of air space of one generator, an initial concentration 
of 55 percent of carbon dioxide is obtained, and a minimum concen- 
tration of 25 percent for 30 minutes is maintained. The reserve bank 
is arranged with interconnecting piping and controls to allow it to 
function in the same manner as the initial bank. The reserve cylinders 
can also be used as spares for system 2. 

System 2 consists of one bank of 18 cylindei^s, Nine cylinders can 
be discharged into the 6,T00-cubic-foot oil purification room, nine into 
the 6,700-cubic-foot gas-electric generator room, or the entire bank 
into the 19,000-cubic-foot oil storage room. 

Portable carbon-dioxide fire-extinguishing units are conveniently 
located in the powerhouse and in the switchyard. One 100-pouiid 
wlieeled-type unit is placed in the switchyard. 

A supply of treated water, with fire hydrants and hose connections 
at convenient locations, is available for general fire protection in the 
powerhouse and in the switchyard. 

Heating system 

Since continuous occupancy is not expected except in certain areas, 
provision for heating to the conventional 72° Fahrenheit was made 
only in the air-conditioned spaces, the area around the turbine opera- 
tor’s desk, the public toilets, and a few other small areas. In other 
parts of the building, partial heat is supplied for the prevention of 
dampness and excessive chill. 

Heating of the control room, the offices, and related spaces is integral 
with the air-conditioning system. In the lower floors of the electrical 
bay, the losses from the electrical equiyunent are sufficient for all ordi- 
nary heating. In other parts of the powerhouse, heat is supplied by 
local electric heating units of the gravity or forced convection type, 
as the service or location requires. 

The outside temperature assumed for design purposes is 0° Fahren- 
heit. No attemifl was made, excey)t in the air-conditioned spaces, to 
offset heat losses as usually com]putecl. In comparisoii with ordinary 
building construction, the walls are so thick and the mass of the struc- 
ture so great that the lag in heat transmission and the thermal storage 
of the building are exceptionally large; therefore the conventional 
computation of heat losses would be practically meaningless. Instead, 
heaters were installed where maintenance or repair operations might 
he expected. 

The total connected heating load in the powerhouse is 402 kilowatts. 
In addition to the permanently installed heaters, outlets for 4.5-kilo- 
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watt, 220-volt, smgle-i)hase portable heaters and for IS-kilowatt, 440" 
volt, 3-pliase, fan-tyj)^ portable heaters were located at strategic points. 

Where practicable, heaters were designed for o-phase operation at 
440 volts to reduce loads on the lighting system transformers and for 
economy in wiring. _ The recessed convection heaters are for 220- volt 
single-phase operation. With a few exceptions, heaters are thermo- 
statically controlled. 

Ventilating system 

In the desigzi of the ventilating system, consideration was given to 
the usage of the various spaces, to their probable occupancy, to damp- 
ness, to heat generated by electrical equipment, and to heat from solar 
radiation transmitted through w^alls, roofs, and decks. In spaces 
having considerable occupancy by the employees or by visitors, air is 
changed frequently to prevent dampness or discomfort. Other spaces, 
such as electrical equipment rooms and areas under decks and roofs, 
have sufficient ventilation for the dissipation of excess heat without 
particular regard to comfort. The lower galleries and tunnels are 
ventilated to avoid stagnant and excessively damp conditions. 

The design of the powerhouse is such that most of the more impor- 
tant spaces adjoin the generator room. The general method of venti- 
lation is to exhaust the air from the generator room through the spaces 
to be ventilated and to discharge it outdoors. Air to replace that ex- 
hausted is supplied by two fans located in the fan room at elevation 
914. In addition to the air required to replace that which is exhausted, 
a surplus is supplied by these fans for the dissipation of heat from*the 
generators and from solar radiation on the deck. 

The machine shop, battery room, electrical equipment spaces, oil 
purification and storage rooms, shops, and secondary spaces are ven- 
tilated by a number of small exhaust fans. These spaces are grouped 
together in several exhaust systems determined by location and simi- 
larity of ventilating requirements. 

The quantity of air required for ventilation w^as arbitrarily deter- 
mined exce^it where removal of heat is concerned. For ventilation 
of attic spaces and rooms containing heat-generating equipment, a 
temperature rise varying (depending upon location, service, and occu- 
pancy) from 8° to 12® Fahrenheit was assumed, and air in sufficient 
quantities to maintain these temperature differentials was supplied. 
The quantity of air to be exhausted from other spaces was generally 
selected from recommendations of the American Society of Heating 
and Ventilating Engineers and from comparison with other installa- 
tions of a similar nature. 

The air mechanically exhausted is approximately 85,500 cubic feet 
per minute, of which 12,000 cubic feet per minute is exhausted through 
the attic space. The quantity of air introduced by fans into the gen- 
erator room is 96,500 cubic feet per minute. The excess of air supplied 
above that exhausted escapes to the outside through openings in the 
generator hatch covers. 

The fans for moving air are conventional-type electric-motor-driven 
centrifugal blowers, except the turbine pit supply fans which are 
of the axial flow type. The fans are either belt-driven or direct-con- 
nected to their driving motor, depending on their location and duty. 
Two-speed motors are used with a number of the fans for flexibility 

894091 - 49 - 
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of operation. Sheet metal ducts are fabricated from galvanized iron 
and are reinforced with standing seams or structural steel angles. 
Inlets and outlets to ducts and openings through walls are fitted with 
grilles or wire guards according to location and importance of 
appearance. 

Air-conditioning system 

The air-conditioning system serves the control room, the offices, the 
telephone and first-aid rooms, and related spaces. The system may he 
used for cooling, heating, or ventilating as required. ^ Because of the 
variation in heating requirements, the air-conditioning space is di- 
vided into three zones, each of which may be heated, cooled, or ven- 
tilated independently. ^ i - 

The control room at elevation 928.33 comprises one zone, the offices 
at elevation 928.33 comprise a second zone, and the first-aid and tele- 
phone rooms at elevation 914 comprise a third zone. The offices were 
grouped together because of similar exposure and similar thermal 
loads. The control room was treated separately because the heavy 
internal heat load from electrical equipment and the lack of outside 
exposure will require cooling during periods when the other spaces 
may require ventilation or heating. The first-aid and telephone rooms 
were treated separately because of their remote location with respect 
to either of the other systems. 

The design of the heating equipment and the arrangement of its 
controlling devices are such that during the heating cycle a temper- 
ature of T2° Fahrenheit may he maintained. The capacity of the 
equipment is based on an assumed outside temperature of 0° Fahren- 
heit. The computed sensible heat load is approximately 365,000 Brit- 
ish thermal units per hour. To increase the flexibility of the heating 
system that serves the offices and to permit individual control of the 
rooms, only part of the required heat in the office zone is sup)plied 
by the blast heater; the balance is supplied by recessed convection 
heaters in the individual rooms. All heat for the control room and 
the first-aid and telephone rooms, except the incidental heat of the 
internal electifical equipment, is supplied by zone blast heaters. 

Humidification of the control room and office zone during the heat- 
ing cycle is accomplished by the discharge, into the supply duct, of 
steam generated by electric immersion heaters in an open evaxDorating 
paii._ Humidification for the first-aid and telephone rooms is supplied 
by discharging a sxiray of atomized water into the su]Dply duct. The 
equipment is nutomnt'caliV controlled and is designed to maintain 
a relative !iiiiidd-iy oi* !i’ x)erceiit for average winter conditions. 

The capacity of the cooling equipment is such that it will maintain 
an inside temperature of 78° Fahrenheit, with an accompanying rel- 
ative humidity of 50 percent when the outside temperature is 95° 
B'ahrenlieit and the relative humidity is 48 percent. 

During the cooling cycle, the air-conditioned spaces are cooled by 
the circulation of chilled air through the same fan and ducts used for 
the distribution of warmed air in the winter. 

The fresh air is mixed with the recirculated air, filtered, and p)assed 
through cooling coils, where it is chilled and dehumidified, and then 
distributed to the conditioned spaces. The cooling coils are finned- 
surface type employing chilled water as a cooling medium. The degree 
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of cooling in the individual zones is regulated by the thermostatic con- 
trol of the flow of chilled water through the coils. 

Water for the coils is chilled by refrigerating inaeliinerv located 
in the service bay at elevation tOO and is pumped to the individual 
cooling coils as required. The refrigerating machinery consists of 
a Freon F-12 motor-driven compressor, a condenser, and a shell and 
tube water cooler, with control and accessory devices located in the 
lower elevation of the service baj". When its temperature is sufticiently 
low, water drawn from the reservoir mav be bvpassed around the re- 
frigerating equipment and used in the cooling coils. 

The computed heat load on the present cooling equipment is i>bS,000 
British thermal units sensible and 81,000 latent; and for the future 
lobby the computed load is 168,000 British thermal units sensible and 
62,000 latent; the total ultimate load is approximately 57 tons refrig- 
eration. The capacity of the water-chilling equipment installed is 
sufficient for the ultimate load. 

The three cycles of operation for each zone, namely, the heating 
cycle, the cooling cycle, and the ventilating cycle, are separately con- 
trolled, The control of each cycle is so interlocked with the control 
of the other cycles that only one cycle may be operated at a time. The 
selection of the cycle of o^Deration is manual, and each zone may be 
operated on any cycle, independent of the operation of the other zones. 

The arrangement of the controls for each zone is such that during 
the heating cycle only those parts of the system that are essential to 
the supplying and regulation of heat are operative. Likewise, during 
the cooling cycle, only those parts of the equipment and control which 
are essential to the cooling operation are active. 

The control of the refrigerating machinery and the chilled water 
pump is interlocked with the control of the cooling cycle of the three 
zones in such manner that chilled water is supplied wdien demanded 
at any coil. • 

To conserve vital war materials, the interior finishing of the public 
lobby was deferred until some future date. Provisions and allowance, 
however, have been made for the future installation of heating, cooling, 
and ventilating equipment for the public lobby and its related spaces. 
The anticipjated design for the public lobby is exactly similar to that 
of the control room. 

Drainage system 

All powerhouse, spillway, and intake drainage below normal tail- 
water elevation discharges directly into the station drainage and un- 
w atering sump located in the b asemeiit of the service bay. Pow erhouse 
drainage, including the septic tank effluent, above tailwater elevation 
normally discharges directly to the tailrace but may be bypassed to 
the suCmp during periods of high tailwater. Roof and deck drains 
discharge directly to the tailrace. 

The capacity of the sump is 23,500 gallons. Normal drainage is 
pumped to the tailrace by two 300-gallon-per-minute, deep-well, tur- 
bine-type pumps, with vertical motors mounted on the basement fl.oor 
of the service bay at elevation 884:. The bottom of the sump is at 
elevation 832. Operation of the regulaf pumps is automatic, and the 
draft tube unwatering pump is available in case of emergency. 
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A drain and equalization line connects the spillway drainage gallery 
to the sump. Drainage is normally discharged to the sump. If an 
excessive amount of leakage accumulates in the gallery during high 
water conditions, it may be necessary to allow the gallery to fill to tail- 
water level. If this condition exists, the proper valves are operated to 
permit the excess leakage to equalize to the tailraee, preventing any 
pressure or uplift upon the spillway structure greater than that caused 
by tail water. A second equalization line is provided from the spill- 
way gallery at the left training wall, with valves set to equalize 
excess leakage to tailwater automatically. This method of equalizing 
accumulated leakage to the tailraee also guards against the possibility 
of exceeding the sump pumping capacity, which might flood portions 
of the powerhouse. 

Unwatering system 

It was necessary to provide means for unwatering the draft tubes 
and scroll cases to allow access to the turbine for purposes of inspection 
or repair within these areas. To accomplish this, a screened outlet 
1 foot above the low point of the draft tube was connected to a 12-mch 
drain with control valve wdiich leads to the station drainage and un- 
watering sump. 

The drain valves for all scroll cases are operated from the power- 
house drainage gallery at elevation 856. The drain valves for units 
2, 3, and future unit 4 draft tubes are located between units 2 and 3 
and are operated from drainage gallery at elevation 856. Tire drain 
valve for unit 1 draft tube is operated from the service bay floor at 
elevation 884 directly above the sump. One 3,000-gallon-per-minute, 
deep-well, turbine-type pump is provided for use during unwatering 
periods. This piunp has a vertical motor mounted over the sump at 
elevation 884; the pump is manually controlled and may also be used 
to augment the station drainage pumping capacity. A 3,000-gallon- 
per- minute, deep-well, turbine-type pump was purchased as a spare 
for use at thi§ project or at the Cherokee project if necessary. 

Future unit 4 can be connected into both of the above systems. 
Temporary connections were made to the deferred unit 2. 

Water systems 

Treated water, — All treated water for the powerhouse and switch- 
yard is supplied from a spring located on the right bank of the river. 
A combined spring house and pumping station was built to prevent 
the water from becoming contaminated and to house two l5-gallon-per- 
minute pumps, a meter, reagent tanks, and three hypochlorinators, 
one for feeding a hypochlorite solution, one for feeding a solution of 
liexametaphosphate, and one serves as a spare for either. The mini- 
mum recorded flow from the spring is 85 gallons per minute. 

The water is pimiped to a 50,000-gallon steel storage tank and flows 
from the tank to the powerhouse through a main located in the switch- 
yard. The main is connected to the fire hydrants in the switchyard 
and extends through the powerhouse to elevation 884 in the service 
bay. At this location the water branches into two systems. For one 
system the pressure is reduced to approximately 75 pounds per square 
inch and serves the sanitary fixtures and numerous l-incli service out- 
lets scattered throughout the powerhouse for floor flushing and fire 
protection. The other system remains at an unreduced pressure and 
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IS carried through the spillway and intake drainage gallery and termi- 
nates at the end of the gallery on the left bank whei'e is can be extended 
for any future developments of the left bank of the river. 

Raw Raw water is obtained from the penstocks through 

intake lines equipped with twun strainers which can be cleaned without 
interrupting operation. The water flows by gravity to the main gen- 
erator air and oil coolers, emergency gasoline-engine generator cooling 
system, stationary air compressor cooling system, air-conditioning com- 
pressor, turbine bearing stuiflngbox, and turbine runner seals. 

This system differs from the system installed at the Cherokee project 
only in the fact that no XDressure-reducing valves are required since the 
headwater pressure is lower at this project. 

Governor and Inbricating oil system 

All storage tanks and pumping and purification equipment are 
located on the elevation 884 floor of the service bay. The oil-storage 
facilities consist of one dirty and one clean oil tank of 3,660-gallon 
capacity each. The pumping equipment consists of one clean and one 
dirty oil pump, each of 30-gallon-per-muiute capacity. The purifier 
capacity is 350 gallons per hour. 

A complete ]oiping system circulates the oil in the governor system, 
generator bearing, turbine bearing, and to and from the purification 
system. The use of three-way valves affords flexibility in the oil 
system and prevents the mixing of clean and dirty oil. ' The system 
was designed for extension to serve the future units. 

Compressed-air system 

A complete piping system, with service outlets, distributes com- 
pressed air about the powerhouse and to the generator brakes. A 
stationary, single-stage, d ■ 1 k- j. motor-driven air compressor is 
located on the elevation id ficur uf iaq service bay. The compressor 
capacity is 105 cubic feet per minute at a x^ressure of 100 pounds per 
square inch. The system includes a water-cooled aftercooler and a 
19T-cubic-foot-capacity air receiver, with automatic control of the 
air pressure. 

Compressed air for the governor system is independent of the sta- 
tion air system and is supplied by an 8-cubic-foot-per-minute com- 
pressor, complete with piping system, operating at 300-pound-pef- 
square-inch X)r6ssure. This compressor was furnished by the turbine 
manufacturer. 

Water in the draft tubes may be depressed below the turbine runner 
by manually admitting compressed air from the station air system 
into the draft tube through the turbine head cover. 

A portable, air-cooled, motor-driven, air compressor of 105-cubic- 
foot-per-minute capacity at 100-pound-x^er-square-inch pressure has 
also been included for general service around the entire project, wher- 
ever required. 

Automatic elevator 

A passenger elevator, with a rated live load of 5,000 pounds at a car 
speed of 250 feet per minute, was mstaUed in the dam. The total 
lift of approximately 81 feet is from the bottom landing at elevation 
928.33, which gives access to the powerhouse lobby through a gallery, 
to the top landing at elevation 1009, There is one intermediate land- 
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ing at tlie intake gate lioist gallery at elevation 999. Operation is con- 
trolled by automatic push buttons of the single-call type. All hoisting 
machinery and control panels are installed in the machinery room at 
elevation 1024.17, 

The car platform, with an inside area of approximately 48 square 
feet, is made of hardwood supported by heavy steel frame and braced 
with rods to the cage. The cage is structural steel, bolted and riveted 
together. The car enclosure is built of polished furniture steel and 
is complete with kick plates, handrail, rubber tile flooring, indirect 
lighting, emergency exit, and telephone. Doors open automatically 
when the car stops at a landing. 

The hoisting machine is of the standard gearless traction type. The 
guides for both car and counterweight are planed-steel T-sections. 
The brakes are electromagnetic-released, spring-set, with two shoes 
independently operated. Auxiliary equipment includes ’compensating 
chains, guide lubricator, counterweights, and oil buffers. 

The electrical system consists of a motor-generator set, hoist motor, 
automatic push-button control, automatic leveling devices, automatic 
door operators, terminal and final limit switches, car lighting, signal 
lights, and telephone. The motor-generator set is rated 440/250 volts, 
45 horsepower, and is fitted with a speed regulator. The hoist motor is 
a direct-connected, reversible, gearless, open-frame type. 

Powerhouse gantry crane 

The powerhouse gantry crane is used in normal oj)eration of the 
power station to handle turbine and generator parts, transformers, 
and other miscellaneous equi^Dment for maintenance or repair. It 
also serves, by means of a jib crane on a downstream leg of the crane, 
for operation and servicing of the draft tube gates, bulkheads, and slot 
fillers. The crane travel covers the full length of the powerhouse, serv- 
ice bay, and the erection space north of the service bay. 

The main hoists have sufficient capacity to handle the turbine 
assembly or the generator rotor as individual units. The lifting speed 
of the main hoists is low to ensure safe handling of the larger pieces 
of equipment; this also permits the auxiliary and main hoist motors 
to be interchangeable and minimizes |)ower requirements. Since ap- 
proximately 90 percent of the lifts required will be made with the 
auxiliary hoists, a higher lifting speed was desirable. The moderate 
trolley and bridge speeds used are in conformance with standard 
practice for this type of service. 

The lifting beam from the Norris project is to be used for attaching 
the load to the two main hoist hooks when making heavy lifts up to the 
full capacity of the crane. 

The crane consists of two trolleys running on a track supported on 
a traveling gantry structure (see ‘figs. 39 and 40). The trolleys and 
other equipment mounted on the gantry are housed in the top of the 
structure for protection from the weather. Each trolley is equipped 
with separate controls and has one main hoist of 112.5-ton capacity, 
one auxiliary hoist of 25-ton capacity, and a traversing mechanism. 
The gantry is supported on 16 wheels, 8 at each end, mounted in 2-wheel 
equalizing trucks. An integrally mounted ind'indual motor drive, con- 
nected to the two wheels of one equalizer truck at each comer of the 
gantry structure, propels the crane ; 8 wheels are driven in this manger. 




Figure 40 . — Control building and powerhouse gantry crane. 
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The crane is controlled from an operator’s cab, mounted at the west end 
of the crane between the gantry legs and just below the main girders. 
The jib crane for draft tube gate operation, mounted on one corner of 
the gantry structure, has a capacity of 25 tons. The capacity of the 
jib crane was determined by the lifting force required to break a gate 
loose when seated in the closed position. 

Service bay crane 

The service bay crane is installed under the generator deck and 
serves the turbine and rotor erection areas. It handles the miscel- 
laneous small parts of the turbines, rotors, transformers,^ and other 
equipment when they are being assembled or serviced in this area. 

The crane bridge is a single I-beam and channel giiTler supported 
on fixed-end trucks of two wheels each. A trolley-ty]pe suspended 
hoist is mounted on the lower flange of the girder. Bridge and trolley 
travel are ' manually controlled from the floor by hand chuins. The 
hoist is electrically driven with a 6, 5 -horsepower motor, controlled 
from the floor. 

Machine shop equipment 

All equipment for the machine shop was purchased in accordance 
with TVA standard specifications. All machines have individual 
electric motors with starting controls mounted on the machine or in 
a convenient location near the machine. The shop ‘equipment includes 
two lathes, two grinders, two drills, one shaper, one i)ower hacksaw, 
one pipe-threading machine, and some small tools. 

SWITCHYARD 

The switchyard is located on the north bank of the river, imme- 
diately downstream from the dam and adjacent to the powerhouse, 
where the natural terrain and necessary grading were favorable for 
TVA’s low-type switchyard construction. The heavy electrical con- 
nections from the generators to the transformers are relatively short, 
and the transformers stand directly behind the switchyard hays into 
which they are coimected (see fig. 41). The finished switchyard 
grade is at the same elevation as the powerhouse deck and access road 
which gi^eatly facilitates the handling of equipment. When untank- 
mg-of the main transformers is required, they can be rolled onto the 
tr^sfer car and lowered into the service bay by the powerhouse crane. 

The ultimate 154-kilovolt switchyard layout j 3 Lovides for two main 
transformer banks to serve four generating units (see fig. 42). 
Units 1 and 2 are to be connected to transformer bank No. 1 and units 
3 and 4 to transformer bank No. 2. The initial construction included 
two generating units, one main transformer bank, and two 154-kilo- 
volt trpsmission lines to Cherokee and Alcoa. In 1914 a 110-kilovolt 
switching structure was added to the existing structures. 

General design and arrangement 

• general layout and cross sections of the switchyard are shown 
in figure 4-. Generation is at 13,800 volts. Two generators are con- 
nected through a single bank of transformers to the ISd-kilovolt bus, 
and synchronizing is done by low-voltage breakers. This' arrange- 
ment, by requiring one high-voltage switching bay for each pair of 
generators, resulted in greater economy than was secured in some of 
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Figure 41. — Switchyard. 


the earlier TYA plants Avliere each generator was connected through 
its own transformer bank to the 154--kilovolt bus. Although some 
flexibility is lost, the present size of the power system is so great that 
the additional flexibility of indiyidnal transformer banks is not so im- 
portant as it was in the earlier stages of the power sj'stem development. 

In the initial installation, the two station service transformers are 
connected to the low-voltage side of the one main transformer bank 
through motor-operated disconnect sAvitches and, for the present, 
are switched and relayed with the main transformer bank. Ydien the 
second main transformer bank is installed, each station service trans- 
former will then be served from a separate source. 

The 154-kilovolt switchyard is designed for a future main-and- 
transfer-bus arrangement, with two main transformer banks and four 
transmission lines. Each main transformer bank will be connected 
to both buses through an oil circuit breaker and to the transfer bus 
through a motor-operated disconnect switch. This arrangement will 
provide two spare breakers for the entire yard. The motor-operated 
bus sectionalizing switches permit sectionalizing the buses for split 
operation of the tansmission system. 

The switching structure and equipment are so arranged that during 
the early stages of develoj)ment of the station, when not inore than 
four circuits are requii^ed, a ring bus with one breaker per circuit can 
be used. When desired, the ring bus can readily be developed into the 
main and transfer bus with one breaker and one disconnect. per circuit 
by extending the same structures and adding breakers and discon- 
nects as needed. If extreme flexibility should be required, the yard 
can be converted into the conventional double-bus double-breaker sys- 
tem with two breakers per circuit by adding a breaker and a discon- 
nect to each line circuit without structural changes. 
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Main transformers and reactors 

Main step-up transformer bank N’o. 1, wliicli is connected to two 
generators, consists of three 20, 000/26, 66f~kiloTolt- ampere transform- 
ers. They are so j)roportioned to the combined generator rating as to 
operate without blowers at generator loads somewhat below the 60"=* 
generator rating and with blowers at gi^eater loads. 

Since two generators are connected to a transformer bank, single- 
phase transformers were selected because a 3-phase unit of the required 
capacity would have been too large for existing transi^ortation and 
handling facilities. Other projects in the TVA system have spare 
single-phase transformers of approximately the same rating and char- 
acteristics which can he used if needed and therefore a spare trans- 
former was not included at this station. 




Each transformer is equipped with manual no-load tap-changing 
equipment on the high-voltage windings, inert gas equipment, mag- 
netic oil gage, oil temperature thermometer with alarm contacts, and 
resistance-type winding temperature detector for operation of a tem- 
perature recorder located in the main control room. The 13.2-kilo- 
volt low- voltage terminals of the transformers are connected to buses 
which are supported on a structure to form the delta connection. High- 
voltage windings are connected Y with the neutral grounded through 
a 51.3-ohm neutral grounding reactor to limit fault current 

Switch gear 

The breaker is an 8-cycle opening, nonreclosing, standard-duty 
type and is rated 161 kilovolts, 1,200 amperes, 2,500,000 kilovolt- 
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amperes interrupting capacity. Disconnect switches are S-pole gang- 
operated. The isolating switches are manually operated while the 
line switch is motor-operated froiri the main control board. The line 
disconnect switch is provided with grounding blades for grounding 
the transmission line. 

Buses and insulators 

The 154:-kiIovolt buses are designed for a span of 38 feet and 
a maximum deflection of less than the outside diameter of the con- 
ductor. The conductor consists of ^i/s'inch-diameter standard gal- 
vanized steel pipe for buses and similar 3-ineh pipe for taps. Joints 
are welded, and the welds are zinc-sx^rayed outside and asphaltum- 
painted inside. The conductors are su]DX)orted on d-inch, x^^destal- 
type i^orcelain insulators. Flexible connections at terminals of 
equipment prevent excessive stresses on the porcelain. Connections 
from breakers to disconnects and from the outgoing disconnects to 
the line take-offs are of stranded cables supiported on strain 

insulators. 

Carrier-ctirrent and miscellaneous equipment 

The switchyard carrier-current equipment includes the transmitter- 
receiver unit for generating and receiving the carrier-current signals 
used for pilot relaying, the coupling capacitors for coupling the car- 
rier-current signals to the power line, the line trax)s for confining the 
carrier-curx^ent signals to api:)ropriate line sectioixs, and the line-tuning 
unit which connects the carrier-current telephone transmitter-receiver 
to the line-coupling capacitors. 

The line traps, coupling capacitors, line-tuning unit, and relaying 
transmitter-receiver unit are mounted on a steel structure in the 
center of the line bay. This ' structure also acts as a lower support 
for the vertical connection to_ the line. The relaying transmitter- 
receiver cabinet and the carrier telephone line-tuning cabinet are 
located so that they can be serviced from the ground. Phase B is used 
for carrier-current relaying, and phases A and C are used for carrier- 
current telephone communication. 

Each line-coiix)ling capacitor is equipped vrith a x)otential device. 
The secondary windings of these devices supply three-phase potential 
for line relaying, indicating instruments, and synchronizing. 

Insulation coordination and lightning protection 

Electrical insulation and jirotective devices were carefully selected 
and coordinated to insure a safe margin of insulation strength above 
the maximum abnormal voltages permitted by the protective equip- 
m^t during faults, switching surges, and lightning surges. 

^ Ihe overhead ground conductor from the transmission line is ear- 
ned across the toj) of the switchyard to form a network supported by 
?md gi'ounded to steel peaks rising from the top of the steel structure, 
ihe network IS sufficiently extensive to include all equipment and 
(inductors within a protective cone whose base is equal to its height, 
ihe miiltijile points of support for the overhead network are thor- 
oiighly grounded to the groimding system below the switchyard, and 
the groundmg system is connected by uiidergTound cables to the 
tootmgs ot the nearest transmission-line tower. The general o-rouni 
mg system is shown in figure 38. 
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Transformer neutrals are grounded tliroiigh a relatively low re- 
actance sliiinted by arresters to reduce as much as possible the ab- 
normal voltages resulting from system faults. Grounded neutral- 
type arresters are placed at the transformer high-voltage- terminals. 
Each arrester has a reseal voltage high enough to prevent flow of 
60-cycle power following an arrester discharge; and the equipment 
insulation is chosen Avith a safe margin above the maximum break- 
down voltage of the ari'ester, taking into account tlie ciz'cuit distance 
betAveen the location of the insulation and the nearest arrester. Spill 
gaps are provided on each transmission line in the switchyard. 

Generator surge protectiA^e arresters are as close as possible to the 
terminals of each generator to discharge the abnormal Amltages, while 
the electrostatic capacity of the single-conductor generator leads seiwes 
to slope the fronts of incoming surges. - 

Autotransformer bank 

The purchase of the transmission systems of the Tennessee Public 
Service Co. and the Tennessee Electric PoAver Co. in east Tennessee 
and the expansion of the TVA’s transmission system in the same area 
made it possible to coordinate the acquired facilities with those of 
the TVA with considerable simplification. The changes included the 
connecting of the WaterAulle line into the TVA system at Douglas 
Dam instead of Arlington substation. 

The 110-kilovolt Waterville line Avas connected to the 154-kilovolt 
Douglas 1 n of three single-phase 1G1/112.T-14.17- 

kilovolt, . p.- ; water-cooled autotransformei*s. The 

154-kiloAmit switching Avas extended into a 4-circuit, 4-bay, ring-bus 
arrangement. The 14.l7-kiloAmlt tertiary Avinding of the transformer 
bank Avas connected through a oOO-kilo volt- ampere step-tyx^e Amltage 
regulator to a iieAV 13.2-kilovolt bus Avitli 3-shot reclosing breakers to 
feed the Sevierville and Daiidridge areas. A 13,200/480-yolt trans- 
former was installed to replace the preAfious emergency station service 
transformer and to ground the 13.2-kilovolt system. 

All major equipment used in tins installation, exceiDt the Amltage 
regulator and the grounding transformer, Avas made available by 
changes in other parts of the TVA system. The transformer bank, 
the 110-kilovolt switching, and the 13.2-kilovolt SAvitchiim were located 
immediately west ( doAAuistream) of the 154-kilovolt switchyard. Space 
is available for one additional 110-kilovolt line and one additional 
lB.2-kilovolt line and in the 154-kiloA^olt yard for the second trans- 
former bank (for generators 3 and 4) and for one additional 154- 
kilovolt line. 

Steel structures 

The switchyard structures are similar in design to those used at 
the Cherokee project- The framed bents for tlie 154-kilovolt switching 
structure consist of two columns 47 feet 6 inches center to ceiitei, Avith 
cantilever supports for the disconnect switches,^ and a tower 

for the outgoing lines and transformer connections. The bents are 
spaced 38 feet on centers and consist of 5-foot-square latticed box 
members. The main and transfer buses are supported on separate 
bents in the yard. The transformer structure consists of three inde- 
pendent towers of 5-foot-square latticed construction, with a ladder 
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and platform inside each tower to give access to floodlights mounted 
near the top of the tower. 

In the 110-kilovolt yard the switching structure is a 4-columii rec- 
tangular structure, 28 by 31 feet in plan, with provision for a 31-foot 
bay extension. Columns and girders are 3-foot-square laced angle 
box members except the girder supporting the vertical switches, which 
is 3 bv 5 feet in cross section. Three independent towers of 3-foot- 
square latticed box members support the transformer switches and 
connections. The delta bus and the 12-kilovolt yard structure are of 
conventional design, consisting of wide-flanged beams and columns. 

The outgoing transmission lines from the 154-kilovolt structure 
were strung to produce a maximum tension of 4,000 pounds per phase 
wire and 3,000 pounds per ground wire at 0° Fahrenheit when loaded 
with %-inch radial coating of ice under an 8-pound wind. ^ They were 
designed for a maximum piill-off angle of 15 degrees horizontally in 
the line. Line tensions for the 110-kilovolt phase and ground wires 
were assumed as 2,000 and 1,500 pounds, respectively. 

All steel is hot-dipped galvanized, and all field connections are 
bolted. Shop welding was utilized to simplify details and to reduce 
the number of bolted connections. 

Concrete structures 

The original riverbank rose steeply in the switchyard area and re- 
quired considerable excavation to secure a level area. The under- 
lying rock was uncovered Just north of the location for the second 
transformer bank. This resulted in the foundations for the structures 
in the initial yard being placed on overburden or earth fill of varying 
depth. 

Since differential settlements between column lines were undesirable 
for the tower structures, pile supports were carried to rock under all 
main tower foundations. Foimclations for future bays will be on 
rock. The general excavation for the future additions was done with 
the original work so that when extensions are required the necessary 
foundations and structures can be erected without interrupting the 
oj^eration of the plant. For transformers, oil circuit breakers, and 
minor structures, spread foundations were used. They were designed 
with low soil pressures. 

All cables are carried in concrete ducts poured in place on the 
ground. Manlioles were placed as required for pulling cables and 
draining the duct lines. 

Transformer transfer car 

The transformer transfer car consists of a heavy structural steel 
frame mounted on four wheels that travel on the rails of a standard- 
gage track in the switchyard. Kails are mounted transversely across 
this frame to match the rails on the transformer foundation and to 
support the transformer during transportation. At one side of the car 
these rails and their supporting brackets extend to a point approxi- 
mately 1 inch from the ends of the rails on top of the transformer 
foundation. Wlien transformers are to be pulled on or off the car, this 
gap is spanned by special splice bars bolted to the two sets of rails. 
The car is prevented from tipping, and the ends of the car rails are 
supported by steel wedges driven between the supporting brackets 
and shelf on the transformer foundation. A manually operated single- 



DESIGN 


115 


drum winch for pulling the transformers on and off is mounted at one 
side of the car. The maximum design load for the car is 90 tons, and 
the wheels and the journals are designed for a maximum static wheel 
load of 50,000 pounds each. The winch is designed for a pulling 
force of 4,000 pounds. 

Insulating oil system 

All storage tanks, pumps, and purification equipment are located 
on the elevation 884 floor of the service bay in the j)owerhouse. The 
oil-storage facilities include : two dirty- oil tanks, each of 5,0S0-gallon 
capacity for transformer oil; one dirty-oil tank of 6,420-gallon capa- 
city for circuit breaker oil ; and one' clean-oil tank of 6,420-gallon 
capacity for transformer and circuit breaker oil. The pumping 
equipment consists of one 100-gallon-per-minute clean-oil pump. 
No dirty-oil pump was required since all dirty oil drains by gravity 
from the switchyard equipment to the storage tanks. The purifier 
with filter press has a capacity of 600 gallons per hour. 

A complete piping system conducts the oil in the switchyard equip- 
ment to and from the purification system. A siipj)ly and return line 
is used to carry oil to and from the transformer repair bay located on 
the elevation 900 floor of the service bay. Flexibility in the oil- 
handling system is obtained and the mixing of the clean and dirty oil 
is prevented by the use of a three-way valve on the purifier suction. 

All connections between the switchyard equipment and the piping 
system are made with flexible hose through 2-inch drain lines and 
1%-inch fill lines. The system was designed so that it could be ex- 
tended to serve future switchyard squipment. 

Fire protection 

A portable-type carbon-dioxide fire-extinguishing unit and a supply 
of treated water give fire protection in the switchyard. Three 4-inch 
fire hydrants with 2%-inch outlets are located so that any part of 
the switchyard may be served with water by connecting two 50-foot 
lengths of 2%-inch hose to the proper hydrant. The hose is reeled on 
a portable fire-hose cart, and both the hose cart and the portable car- 
bon-dioxide extinguishing equipment are stored in a fire-protection 
equipment building in the switchyard. 

To prevent injury by electrical shock to the operator of the fire- 
fighting equipment, two atomizing nozzles are used which break up 
the jet of water into spray. 

MISCELLANEOUS PUBLIC FACILITIES 

Public visitors’ facilities are to be completed within the powerhouse. 
These facilities were included in the original plans, but the work was 
deferred because of the war. Included are public toilets, visitors’ 
reception space, and information displays. 

On the north side of the French Broad Eiver, a visitors’ parking 
overlook was constructed to enable the visiting public to view the dam, 
the lake, and the Great Smoky Mountains. Another parking area 
for visitors -was built immediately adjacent to the switcliynrd. 

On the south side of the river provisions were made for ilic future 
. development of a public recreational area which includes an overlook 
building, parking areas, a boat landing, and picnic facilities. 
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Chaptee 4 

CONSTRUCTION PLANT 

To aclueye the goal of builcliiig Douglas Dam, inoliidiiig the in- 
stallation of one hydroelectric power unit in the brief time of 
months, required careful and skillful planning of the construction 
program and the fullest utilization of trained men, equipment, and 
construction plant items from other TVA projects. The layout and 
the design of the construction plant, the selection of equipment and 
methods, and the solution of numerous problems had to be accom- 
plished in much shorter time than generally allowed a project as large 
as Douglas Dam. 

^ Principal materials quantities to be bandied by the plant were es- 
timated to be 540,000 cubic yards of concrete; 530,000 cubic yards of 
rolled earth fill, and 490,000 cubic yards of earth and rock excavation. 
The construction schedule (fig. 44) called for first placement of con- 
crete June 1, 1942. 

Construction of plant facilities began immediately upon authoriza- 
tion of Douglas project by the TVA Board of Directors February 2, 
1942. The construction schedule called for closure by March 1, 1943, 
and the first power unit on the line by May 1, 1943. Actually, closure 
was made February 19, 1943, and unit 3 was placed in commercial 
operation March 21. 

The close similarity in the design and layout of Douglas Dam to 
that of Cherokee Dam made it possible to adopt many of the con- 
struction plant features developed for Cherokee. Also, since construc- 
tion operations at Cherokee were near completion at the time of 
Douglas authorization, it was possible to transfer from Cherokee to 
Douglas not only most of the construction plant structures and equip- 
ment, both fixed and mobile, but also the highly experienced construc- 
tion organization. 

Normally the planning and procurement for construction plant 
installations (construction equipment, structures, and utilities) is 
handled in the central office. The bulk of immediate and urgent work 
required by the emergency schedule resulted in the delegating to the 
field office force the working out of plans for river diversion, coffer- 
dams, raw and fresh water systems, sewers, and compressed-air dis- 
tribution. The central office force, besides preparing the construction 
schedule, were to work out the construction plant la 3 "oiit ; select fixed 
and mobile plant equipment, and arrange for its purchase or transfer: 
and prepare specifications and cost estimates. They were to study the 
best methods of producing, storing, and conveying^ aggregates and 
sand; of transporting and handling cement; of mixing concrete and 
placing it in the dam; to design and detail all structures in connection 
with these activities; and make layouts for necessary roads and rail- 
roads in the construction area. The construction plant should be such 
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that it would assure that the results desired could be attained in an 
economical and practical way and within the limited time allowed for 
building the dam. 

Preliminary studies and layouts of the construction plant were 
started in October 1941. There were many major problems to be solved 
and several important decisions to be made before actual construction 
could begin. These studies are discussed under ‘^Preliminary Studies 
on Construction Plant,” page 123. 

The decision to contract for aggregates was reached at an early date. 
Investigations and exploratory drilling at the dam had jppoven the 
existence of two quaiTy sites, close together, on the right bank of tbe 
river and beginning at a point about 2,300 feet from the base line of 
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the dam. The rock in these quarries was dolomite of the Knox for- 
mation and suitable for concrete aggregates. There were, however, 
within the TV A. no available crushers, screens, or other equipment 
necessary for the processing of aggregates and sand, nor any personnel 
to operate a crushing and sizing plant. New equipment was difficult 
to obtain, and delivery dates were uncertain. Tliese obstacles led to 
the decision that the best procedure the TVA could follow if it were to 
avoid postponing the date set for concreting to start would be to have a 
reputable contractor operate the quarries, produce the aggregates and 
sand, and store the material in a stock pile, from which the construction 
forces could reclaim it. This contract was awarded the Birmingham 
Slag Co. of Birmingham, Ala., February 2, 1942, only 3 days after 
Congress had authonzed the TVA to proceed with' the construction of 
Douglas Dam. This contractor had just completed his contract to 
deliver concrete aggregates and sand to Cherokee Dam and was in a 
position to transfer his equipment immediately. However, the con- 
tractor needed some additional equipment, on most of which he had 
an option. 

The principal units of the construction plant in the final layout were 
all located on the right bank of the river downstream from the dam 
(see fig. 45). The aggregate processing plant consisted of two 
quarries, the crushing and sizing plant with one primary crusher, four 
secondary crushers, one rod mill, screens, and five stackers for storing 
aggi-egates and sand (see fig. 46). This x^aid of the construction 
plant was installed and operated by the contractor. Figure 4T shows 
the flow diagram for the contractor's aggregate pilant. The stock pile 
contained four sizes of aggregates and one size of sand with total 
storage capacity of 50,000 tons. The stock pile was protected against 
high water by a dike wdth the top at elevation 890 and was located 
over a timber reclaiming tunnel. By a system of five belt conveyors, 
material was carried to the mixing plant which was located at the 
north end of th6 construction bridge (see fig. 48) . 

Cement was transported by rail direct to the cement-storage silo next 
to the mixing plant and was unloaded from the cars with power 
shovels into a hopper feeding two flight conveyors. These conveyors 
transported the cement to two bucket elevators which in tiirn delivered 
the cement to either the mixing plant or the cement silo. Cement 
stored in the silo was reclaimed by a chute feeding the bucket 
elevators. 

In the mixing plant the aggregates and the cement were stored in 
bins at the top. From these Mns the aggregates and the cement flowed 
by gravity into batching hoppers, from which the material was dis- 
charged into a conical hopper which could feed any one of the three 
4-cubic-yard mixers. From the mixers the concrete was dumped into 
a wet-batch hopper. This hopper was conical in shape with a gate at 
the bottom. Below this hopper a track was installed so that trains 
carrying concrete buckets could be brought in and loaded. These 
trains transported the concrete out on the triple-track construction 
bridge to revolving cranes, which picked the buckets from the 
flatcars and placed the concrete in the form. The plant was designed to 
produce 264 cubic yards of concrete per hour, based upon a 4.4-cubic- 
yard batch. The maximum placed in 1 month was 104,000 cubic yards. 
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Figure 46. — Aggregate plant. 
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Figure sheet, contractors aggregate plant. 
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Access roads -VTere built ou both sides of the river, and from an 
existing railroad a branch line. was installed to the clam site. The road 
and the track crossed the river on an access bridge built downstream 
from the dam. 

When the project was authorized, the general plans of the construc- 
tion plpt and the electrical distribution system had been ready for 
some; tiine ; the design of the combined railroad and highway access 
bridge was well advanced ; drawings showing the general arrangement 
of the aggregate belt conveyors and the concrete placing construction 
bridge had been completed; specifications had been prepared and bias 
requested for new structural steel towers and deck framing for the 
construction bridge, the conveyor equipment, and the tunnel gates, as 
well as for concrete aggregates, so that awards could be made as soon 
as possible after authorization. 

Work at the dam site was started "January 29, 194:2. The placing 
of concrete began May 31, 1942 ; on February 14, 1943, less than 13 
months after the start of construction, the final closure of the only 
remaining gap was made, and 5 days later the filling of the reservoir 
began. On March 21, 1943, the first unit was in commercial use. 






Figure 48 . — Construction plant. 


1 0 obtain these results in such a short period, an uninterrupted work 
schedule had been necesspy. Except for Christmas day, 1942, the 
work went on day and nighty 7 days a week. In spite of delays in 
deliveries of material and equipment due to wartime conditions, short- 
age of manpower, miusually heavj^ rainfall and high river flows, and 
last^ but not least the difficult cofferdam uiiwatering problems, the 
project was completed in record time. This construction record was 
good management and excellent cooperation throughout, 
of course, but it could also be attributed in no small measure to the 
plant and equipment which had been selected. 
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PRELIMINARY STUDIES 

Topography in the construction plant area 

At the dam site, the French Broad Elver flows in a west-south- 
westerly direction. On the right bank, or the north side of the river, 
a 300- to 400-foot-wide flood plain extends from the dam site down- 
stream past the quarry sites. The elevation of this plain varies be- 
tween 875 and 890 feet. From this level area the terrain rises to 
elevations between 1,000 and 1,100 feet. _ On the left bank, or the south 
side of the river, a flood plain of varying width exists. At the dam 
site the width is about 250 feet but a steep bluff gradually narrows 
this clown until 1,300 feet further downstream the flood plain ceases 
to exist. Several hundred feet further downstream the bluff recedes 
and another flood plain begins. At the dam site the bluff rises 
abruptly from the flood plain, average elevation of S80 feet to an 
elevation of 1,000 feet or more. 

Access roads and railroad 

Preliminary investigations indicated that access to the dam site 
could easily be obtained by constructing short access roads connecting 
to existing county roads on both sides of the river. Access by rail 
also appeared possible. The Smoky Mountain Railroad runs a line 
between Knoxville, Term., and Sevierville. This line passes through 
Ewing, Tenn., on the west side of the Little Pigeon River. Ewing 
is only 5 miles from the dam site, and the topography between these 
points is such that a branch line could be built without difficulty and 
at a reasonable cost. This line would permit bringing in the greater 
part of the construction materials and permanent equipment via rail- 
road and ^eatly simplify the transportation problems. The Smoky 
Mountain Railroad Co., some years before the construction of Doug- 
las Dam was authorized, had petitioned the Interstate Commerce 
Commission for permission to abandon their line. This action was 
postponed in anticipation of the authorization of Douglas Dam and 
the great advantages of railroad service to the project. 

Because the railroad would come in on the south side of the river, 
it would be necessary to build an access bridge across the river. A 
combined one-lane highway and railroad bridge could be designed 
and built from structural steel available from the aggregate trestle 
at Cherokee Dam. The bridge would be capable of carrying a T3-ton 
steam locomotive hauling 85-ton freight cars. A 2-cubic-yard shovel 
(with counterweights, dipper, and dipper stick removed) weighing 
80,000 pounds could safely be taken across. The bridge also would 
include a 5-foot-wide walkway for pedestrians. 

' Concreting plant 

Because the quarry sites were situated on the right bank, it was 
logical to locate the aggregate and the concrete mixing plant on this 
side of the river. The stock pile could be located on the flood plain 
just upstream from the quarry. At high water the reclaiming tunnel 
under this stock pile would be flooded, but it could be protected by 
budding a dike around the stock pile. 

At Cherokee Dam most of the construction plant was or would be 
available for transfer to other TVA projects. Because Douglas Dam 
was very similar to Cherokee Dam, it was only logical to plan on 
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transferring to Douglas the usable items of plant structures, equip- 
ment, and buildings. The concrete mixing plant, the cement silo, the 
two bucket elevators, and the two flight conveyors used for handling 
cement could be arranged almost in the same manner as at Cherokee 
Dam. This would permit using the same drawings as were issued for 
Cherokee. 

The inethod of placing concrete with revolving cranes running on 
a steel construction bridge had proven to be very successful at Cherokee 
Dam. Part of this bridge, two of the revolving cranes, and most of 
the trains for hauling concrete from the mixing plant to the cranes 
were still available for transfer. The concrete structures at Douglas 
Dam extended for about the same length as at Cherokee Dam, and the 
sequence of nonoverflow sections, spillway section, and powerhouse was 
similar. It was therefore decided to transfer the aforementioned 
equipment and part of the bridge from Cherokee Dam and use it at 
Douglas Dam. Plans contemplated locating the construction bridge 
so that the center line of the bridge would be Tl feet 6 inches from 
the center line of generating units and so that the top of crane rail 
would be 18 feet above the powerhouse deck. 

Studies were required to determine how much new steel would be 
required to supplement the constinictioii bridge towers and spans 
which could be transferred from Cherokee Dam. Before studies for 
Douglas Dam began, part of the original construction bridge had 
already been earmarked for Apalacliia Dam and had been shipped to 
this project in the fall of 1941. While all deck spans had been sal- 
vaged at Cherokee Dam, only the upper part of the towers which 
extended beyond the concrete structure had been saved. 

Eighteen deck spans were available for Douglas Dam, but 6 addi- 
tional deck spans and 10 towers were needed to complete the construc- 
tion bridge framing. 

Purchasing new steel towers undoubtedly would have delayed erec- 
tion of the construction bridge and necessitated postponing the start 
of concrete placing. The possibility of using reinforced, concrete 
towers of the rigid-frame type was investigated and found to be 
feasible. Even though they would be more ex23ensive than steel tow- 
ers, the urgent need of completing Douglas Dam as scheduled justified 
the decision to use reinforced concrete towers. In the powerhouse, 
the part of the towers which extended above the mass concrete would 
have to be built of structural steel because of close clearances and to 
facilitate dismantling. The north tower m the powerhouse had to be 
purchased new ; the other three steel towers in the powerhouse could 
be fabricated partly from tower steel which had been salvaged at 
Cherokee Dam; but some new steel was required. The two towers 
Porth of the i^owerhouse could he built entirely of reinforced concrete, 
so that no clela}^ would be encountered in getting started with the bridge 
erection. The lower part of the six towers south of the powerhouse 
would have to be built of reinforced conci'ete, but there was available 
sufficient tower steel which, by adding a few pieces of new steel, could 
be used for the upper part of five towers. Eor the last tower at the 
south end of the bridge the steel structure would have to be purchased 
new. Besides new steel colmnns and bracing, new splices and column 
slabs were needed, and a majority of existing columns would have to 
be cut and milled for bearing. 
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It was possible to use deck spans transferred from Cherokee Dam 
for the first nine spans, beginning at the north end of the construction 
bridge (the mixing-plant side). This would provide 500 feet of 
bridge, including 123 feet of approach spans, from whicli concrete 
placing could be started. It was contemplated to request the success- 
ful contractor to fabricate and ship steel in such sequence that the 
erection of the bridge could start at the north end and proceed south- 
w- ard with a minimum of interruptions. 

From the track to the cement unloading point a siding connected 
with the service track, which was the downstream track on the bridge. 
In preliminary studies it was contemplated to support this approach 
siding on a timber trestle across the switchyard and to use a 20° curva- 
ture. This location would later interfere with switchyard construc- 
tion, and the siding was therefore changed to the location shown in 
figure 45. A 30° curve was necessary, but it not onh" eliminated inter- 
ference with switchyard structures but also greatly reduced the length 
of the timber trestle. 

In the preliminary layouts the mixing plant was located the same 
distance from the base line of the dam as the middle track, but subse- 
quent studies showed that to avoid interference with the excavation 
at the north abutment it was necessary to move the mixing plant 24 
feet farther downstream. For the same reason it Avas impossible to 
use a timber trestle or earth fill to support the tracks from the end of 
the construction bridge to the mixing plant. Therefore a two-span 
skew bridge approach supported on a concrete abutment and concrete 
piers was planned. Fortunately, sufficient structural steel to fabri- 
cate these spans was available within the TVA, 

Shop area 

Several studies were prepared to determine a suitable location and 
arrangement of the shop area. At the time these studies were started, 
it was assumed that the quarry site nearest the dam would also be used. 
The crushing and sizing plant as well as the stock pile would have to 
be located some distance upstream from the quarry. To obtain stor- 
age of 50,000 tons, as required in the specifications, meant that the stock 
pile would have to be 565 feet long. Preliminary investigations indi- 
cated that this did not- leave sufficient space between the stock pile and 
the anticipated location of the switchyard to accommodate the various 
shop buildings, storage yards, and track facilities. 

Topographic maps and inspection of the site indicated that about 
2,000 feet downstream from the dam a fairly level area was situated 
on the south side of the river. The area was apparently large enough 
to accommodate the warehouse, the shop biuldings, and the storage 
yards; grading work Avould not he too expensive; and it would be 
above the highest known river level. Subsequent studies resulted 
in three different schemes. In all three schemes, rail and road facili- 
ties were adequate. From the access railroad on the south bank of 
the river a siding could be brought up to elevation 980, and cars could 
be switched in to the various shops and storage yards. The access 
road from the soutli would go through tlie shop area and descend on 
an 8-percent grade to the access bridge across the river to the right 
bank where the quarry, the aggregate, and concrete plants were to 
be located. 
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Another scheme in which shop hiuldings, storage yards, and the 
administration building were located on the south side but closer to 
the dam and with railroad connection to the constructioii bridge was 
given up as impractical because it would mean excessive grading, 
would involve considerable rock excavation, and would necessitate 
the construction of an expensive approach trestle to the construction 
bridge. Combining access bridge and construction bridge into one 
structure would interfere with concrete-placing activities. This 
scheme was abandoned. The advantages of having the shop area on 
the south side of the river were that ample storage space would be 
available and the amount of earthwork involved would be small. 
There were, however, several disadvantages connected with this loca- 
tion, the principal ones being the long distance from the construction 
area and the difficulties of crossing the river by ferry until the access 
bridge had been completed. In these schemes considerable trackage 
was also required. 

The possibility of locating the shop area on the food plain on the 
north side of the river was studied in a fourth scheme. If the up- 
stream quarry site was not used, this location would be feasible. The 
access bridge in this scheme (the adopted scheme; see fig. 45) was 
moved downstream to a location almost 2,700 feet from the base line of 
the dam. This made available a sufficiently large area between the 
river crossing to acconunodate not only the slock i^ile, but also the 
warehouse ; the machine shop ; the carpenter shop ; the lumber, oil, and 
gasoline storage ; and miscellaneous small shops and job buildings. A 
parking area for cars was also provided. Thus, a shop area close to 
the construction area and the aggregate plant could be obtained. An- 
other important advantage would be the delivery of materials from 
Cherokee without having to cross the river. Less trackage was re- 
quired in the fourth scheme than in the other three schemes, and the 
shop area would be on the side of the river where construction would 
begin. The greatest draw-back to the scheme was the low elevation of 
the flood plain. To insure against the shoj^ area being flooded, it 
would be necessary to elevate the ground by filling to elevation 892 for 
protection against a 15-year flood. In the final aiTangement the access 
bridge was moved to a location 2,100 feet downstream of the dam, 
primarily as a safeguard against blasting at the quarry. This scheme 
was approved by the job management and was adopted as the final 
layout for the construction plant at Douglas Dam. 

Cofferdams 

^ Early in October 1941, preliminary cofferdam studies were made 
in order to estimate tlie number of timber logs required. A two-stage 
cofferdam was assumed, with the first-stage cofferdam extending from 
me right bank and enclosing the powerhouse and some of the spillway. 
I he first estimate was based upon using 10 -inch- diameter logs and 
bmiding the cofferdam to a height which would give a safety factor, 
against being overtopped, of once every 1.9 years. For the first-stage 
cofferdam ^9,000 logs would be required. These logs and the sheath- 
ing were expected to be obtainable in the reservoir area. A subsequent 
clieck revealed that it would be necessary to permit 8-inch minimum 
diameter lo^ in order to obtain sufficient timber for the cofferdam. By 
increasing the height of the cofferdam 5 feet, the danger of overtopping 
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would decrease to once every 3 years and the cofferdam would be safe 
for a flood of 60,000 cubic feet per second. About 49,000 logs would 
then’ be needed. 

In the latter part of November 1941, an investigation was made of 
the possibility and advisability of constructing one large cofferdam 
to include the powerhouse and perhaps eight blocks of the spillway 
section in the first stage. River diversion would be provided by exca- 
vating a channel in the flood plain on the left bank. Sucli a channel 
along the ste^^ rock bluff would permit blocking the existing river 
course by dikes in a similar manner to the scheme follo^ved at Ch^erokee 
Dam and simplify construction of the cofferdam. The second-stage 
cofferdam would be short, extend from the left bank, and include the 
remainder of the dam. This scheme proved both feasible and eco- 
nomical. A 100-foot-wide channel with three 4-foot-diameter piers 
restricting the flow was assumed. Headwater curves were computed 
and they indicated that a cofferdam built to elevation 910 probably 
would be satisfactory. 

Final design and details of the dikes and cofferdams were made by 
the field forces. The cofferdam construction is discussed in chapter 5. 

SCHEDULES 

Construction schedule 

The construction schedule (see fig. 44) was based upon placing the 
first generating unit on the line within 14 to 16 months after authoriza- 
tion of the project. This agreed with the estimate prepared by TVA 
when it recommended the project to the War Production Board. The 
schedule called for the first unit to be in commercial use March 1, 1943, 
or 14 months after construction started. Concrete placing was sched- 
uled to begin June 1, 1942. This would give the construction forces 
4 months in which to get ready with plant, cofferdam, and materials ; 
and well along with excavation and foundation preparation. This 
4-month interval was based upon the time required for similar opera- 
tions at Cherokee Dam. 

A chronology of the more important dates of construction plant 
installation and operation is given in table 9. 

Equipment schedules and costs 

Figure 49 gives major construction plant equipment used at Douglas 
Dam and the number of equipment units on the job in any month. 
Table 10 gives costs of various classifications of plant and equipment. 
Table 11 gives costs of operating excavating and hauling equipment. 

An itemized list and approximate cost of hauling, excavating, and 
hoisting equipment; drills; pneumatic tools; compressors; pumps; as 
well as equipment used for cement, concrete, and in the shops during 
the dam’s construction is given in table 47 in appendix F. Some 
equipment was purchased new, but the majority of the equipment was 
transferred from Cherokee Dam and other TVA projects. A few 
iteras of equipment were rented. 
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Table 9 . — Construction plant erection, in-opefation, and dismcmtling dates 


Item 


Started 


Completed 


ACCESS HIGH'WAYS AND KAILROADS 


Highways and roads: 

Repairing existing roads 

Road to mixing plant area - 

Temporary road to dam site, grading 

Reinforcing highway bridges, south side of river. 

Permanent access road, north side of river 

In service 

Permanent access road, south side of river - 

In service 

Roads connecting camp buildings: 

In service 

Parking areas - 

Road to trailer camp 


Jan, 29, 1942- . 

do 

Jan. 31, 1942. __ 

do 

Feb. 2, 1942— 
February 1942. 
Feb. 4, 1942... 
May 10, 1942.. 

February 1942. 
Feb. 19, 1942. _ 
Mar. 16, 1942.. 
End July 1942. 


■ - ■ ‘ ‘ : lad to dam 

site): 

Bridge over Little Pigeon River 

Grading 

Track laying 

In service — 

Yard tracks: 

Track B (access bridge to mixing plant) 

Tracks (removal) 

Track No. 1 

Tracks A, B, C, and D 

Highway and railroad access bridge: 

Drilling auger holes at north abutment 

Barge construction 

Excavation, north bank. 

North abutment, timber crib 

Excavation, river 

River piers, timber cribs — 

Excavation, south hank 

Steel erection 

Steel and timber decking 

Bridge placed in servdee 

Dismantling. 


Feh. 9, 1942. .. 
Feh. 21, 1942. 
Mar. 18, 1942- 


May 1942 

August 1943.. 
May 1942.... 
June 1942 

Jan. 31, 1942- 
Feh. 10, 1942. 
Feb. 23, 1942- 
Feb. 26, 1942. 
Feb. 27, 1942. 
Mar. 29, 1942. 
Apr. 4, 1942- . 
Apr. IS, 1942- 
Apr. 21, 1942. 


Feb, 11, 1944. 


June 1942. 


July 1942. 


April 1942. 

May 10, 1942. 

Early Jime 1942. 
September 1943. 

Early July 1942. 


Feb. 25, 1942. 
Apr. 18, 1942. 


May 1, 1942. 
May 8, 1942. 
May 10, 1942. 


SHOP AND Y-4RD ARE. 43 


Clearing timber 

Grading 

Drainage: 

Two 48-mch culverts under machine shop. 

Two Sa-inch culverts under oil house 

Fence around construction area 


Jan. 29, 1942. 
Feb. 1, 1942- . 

Feb, 19, 1942. 
Feb, 20, 1942. 
March 1942.. 


February 1942. 
End June 1942. 


End February 1942. 
March 1942. 


JOB BnX.DLNG.S 


Temporary’ offices, warehouse, and tool room. 
Administration building: 

Excavation 

Erection 

20- by 20-foot buildings- 

Explosives house 

Warehouse 

Garage, machine shop: 

Foundation for air hammer 

Building erection (except concrete floor) 

First-aid buildings 

Field engineer's office 

Time office - 

Carpenter shop and platform 

Warehouse sprinkler system 

Lubircant warehouse 

Fuel tanks; 

3 units 

2 units 


Jan. 30, 1942 


do 

Feb. 10, 1942. 
Feb. 5, 1942- 
Feb. 9, 1042- 
Feb. 14, 1942. 

do 

Mar. 8, 1942., 
Feb. 14, 1942. 
Feb. 19, 1942. 
Feb. 22, 1942. 
Feb. 23, 1942. 
Apr. 21, 1942. 


June 1942. 
do 


CAMP BUILDINGS 


Bunkhouses: 

Location staked out Jan. 31, 1942 

Total of 2 units in. service.— 

Total of 3 units in service ” 

Total of 4 units in service., 

Total of 5 units in service I 

Total of 6 units in service 

Total of 7 units in service 

Dismantling August 19^. 


Februai-y 1942. 

Feb. 3, 1942. 

Mar. 22, 1942. 

End February 1942. 

Mar. 27, 1942. 


Mar. 26, 1942. 
Apr. 29, 1942. 
End June 1942. 


Do, 


Mar. 2, 1942. 
Mar. 24, 1942. 
Mar. 26, 1942. 
Apr. 8, 1942. 
May 11, 1942. 
May 26, 1942. 
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Table 9. Construction plant erection, in-operetion, and dismantling dates — Con. 


Item 

Started 

Completed 

CAMP BUILDINGS— continued 



Cafeteria: 

Erection 

Fph 13 1040 


In service 



Additions 


Alay 194*^ 

Store added 



Operation discontinued 


July 21, 1943. 

Apr. 27, 1942. 

July 4, 1942. 

April 1942. 

Apr. 13, 1942. 

Women's dormitory; 

First unit 

Feh 21 1Q42 

Second unit . . 


Camp office and recreation building 


Hospital and personnel building 

Feb. 23, 1942 

UTILITIES 

Treated water system:^ 

Temporary supply (from 15,000-gallon tank) 

Early February 1942-. 

Feh 3, 1942 

March 1942. 

Feb. 10, 1942. 

Feb. 22. 1942. 

April 1942. 

Do- 

July 1942. 

50,006-gall6n tank: 

Excavation .. 

Footings 

Fftb. 11, 1942 _ 

Steel erection... 

A pril 1942 * 

Pumping station 

Mar 30, 1942 

Permanent treated-water system completed 


Eaw water system: 

’ines laid 

■Tan 29, 1942 

Excavation 

Tna 31 1942 

Feb. 3, 1942. 

Feb. 19, 1942. 

Mar. 28, 1942. 

Feb. 23, 1942. 

March 1942. 

September 1942. 
December 1942. 

Footings 

Feb 7, 1942 

Steel erec'^ion _ _ 

Feb. 26, 1942 

Feb 11 1942 

Raw-water intake: 

Timber crib and fill 

Pump installation 

March 1942 

Pomps moved to upstream face of dam 


Pomps moved to powerhouse 


Pipe lines: 

Excavation 

Feb, 7, 1942 .. 


Epb 20, 1942 

Mar. 28, 1942. 

Raw-water system: 

In service for air compressors . 

Mar 17, 1942.. 

In service for whole job _ . . 

Mar. 28, 1942.. 


Sanitary sewer system: 

Septic-tank construction. . _ _ 

Feb 28, 1942 

Mar. 15, 1942. 

Sewer lines: 

Excavation _ 

Mar. 8, 1942 

Pipe laying— — 

Mar. 20, 1942 


In service 


Apr. 1, 1942. 

Compressed air system: 

Temporary air lines 

Jan. 29, 1942 • 

Excavation 

Feb. 9, 1942 

Feb. 25, 1942. 

Mar. 2, 1942. 

Mar. 26, 1942. 

Compressor foundations. 

Feb. 25, 1942. . . - 

Compressor-house erection 

..do 

Initial compressor installation (2 units) 

Mar 6, 1942 

Apr. 4, 1942. 

First unit placed in service 

Mar. 15, 1912 

Compressor-house extension 

June 30, 1942 

July 4, 1942. 

July 1, 1942. 

Third compressor installed - 


Construction power supply: 

Distribiitinn lines for power and light 

Feb. 2, 1942 

Electric light system, in service 


Feb. 8, 1942. 

Main substation, construction 

Feb. 3, 1942 

Feb. 9, 1942. 

Main substation, in service - 


Feb. 15, 1942. 

Aggregate plant substation, construction 

Feb. 4, 1942 

Feb, 9, 1942. 

Aggregate plant substation, in service.- 


Mar. 15, 1942, 

Telephone service: 

Tn operation 


Feb. 8, 1942. 

COFFEEDAMS 


First-stage cofferdam: 

Hauling and storing logs 

Feb. 4, 1942 


Hiversion-'^hafTnpi excavar.fn-n 

Feb. 14, 1942 

May 5, 1942. 

Eyeavfltinti . 

Feb. 19, 1942 

TiOg;-enb cnristrnctinri 

Feb. 21, 1942 

July 19-42. 

Tempnrary earth dike, downstream 

Mar. 7, 1942 

Temprirnry earth dikej arniind. powerhouse area 

Mar. 13, 1942 

Mar. 30, 1942. 

Rock fill for cribs - 

Mar. 1, 1942 

June 21, 1942. 

Clay norft _ 

Mar. 11, 1942 

July 1942. 

Cronting tn prev^ent leakage. _ 

Apr. 8, 1942 

September 1942. 

June 2, 1942. 

Cofferdam fiooded. - 

May 21, 1942 

Cofferdam entirely completed 


July 1942. 

Removal 

October 1942 

Early December 1942. 
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Table 9. — Construction plant erection, in-operation, and disniantling dates — Con. 


Item 


Started 


Completed 


COFFERDAMS— continued 


Second-stage cofferdam: 

Oct. IB, 1942 


Dec. 13, 1942_-. 




Dec. 29, 1942 


Jan. 4, 1943 






Jan. 30, 1943.. 

Third-stage— closure : 



Feb. 19, 1943 

QTJAERY, CRUSHING, AND SIZING PLANT 

Quarry: 

Feb. 3, 1942. 

. 

Feb. 18, 1942 


Mar. 20, 1942 


Early April 1942 


Apr .*27, 1942 


Jiine 10, 1942 

Garage, machine shop, compressor house, and oflice 
building. 

Feb,'ll,T942. 









Feb. 17, 1942 


March 1942 

Di|!Tnaint1incr nf plant _ 

Mar. 13, 1943 

AGGREGATE PLANT 

Eeclaiming tunnel: 

Excavation. - -- * 

Mar. 2, 1942 

Concretfi floor slab ^ . 

Mar. 6', 1942... 

Timber arch— - 

Mar. 20, 1942 

Conveyor system: 

Timber tunnel imder access road 

Mar. 11, 1942 

Excavation, - 

Mar. 26, 1942. 

Erection of supports; 

Convevor No. 1. 

Mar. 28, 1942 

Conveymr No. 2 . — 

Mar. 29, 1942 

(jfinvpynr No. 3 

Apr 1, 1942 _ .. 

Conveyor N 0 . 4. 

Apr. 6, 1942 

Conveyor No. 5. 

May 1942 

Mechanical installations - 

April 1942 

Conveyor system in use - 


Dismantling.,* 

June 18, 1943 

Rinsing-screen structure: 

Excavation 

Apr. 9, 1942 

Erection . . 

Apr. 13, 1942 

Dismantling 

June 18, 1943 , — 

MIXING PLANT AND CEMENT PLANT AREA 

Grading of site: 

Earth excavation. _ 

Feb. 1, 1942 

Rock excavation 

Apr. 17, 1942 

CEMENT PLANT 

Cement silo and bucket elevators: 

Foundations 

Mar 3(1, 1942 

Steel erection . .. 

Apr. 14, 1942 

Bucket elevator No. 1 in use 


Bucket elevator No. 2 in use 


Cement unloading pit: 

Excavation 


Concreting 

Apr. 9, 1942 

Cement nnloading shed and machinery: 

Erection 

May 7, 1 942 

First operation 



November 1942. 

Dec. 17, 1942. 
Dec. 31 , 1942 . 
Jan. 11, 1943. 
Do. 

Jan. 15, 1943. 
February 1943. 

Feb. 14, 1943. 


Mar. 13, 1943. 


End Febraary 1942. 
Do. 

Apr. 22, 1942. 

End Marcb 1942. 
Do. 

Do. 

Apr. 27, 1942. 

Apr. 10, 1943. 


Mar. 14, 1942. 
Apr. 3, 1942. 
Apr. 9, 1942. 

Mar, 10, 1942. 
May 16, 1942. 


Do. 

Do. 

May 16, 1942. 
Do. 

May 25, 1942. 
May 1942. 
May 31, 1942. 
July 1, 1943. 


May 12, 1942. 
July 1, 1943. 


Mar. 19, 1942, 
Apr. 27, 1942. 


Apr. 2, 1942. 
May 3, 1942. 
May 31, 1942. 
July 16, 1942. 

End March 1942. 


May 16, 1942, 
May 28, 1942. 
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Table 9, — ConstructioTi plant erection^ in-operation, and dismantling dates— Con. 


Item i ^itartofi i Corapieted 

con'chete-mixing pla.nt 

Auxiliary batching plant and cement stoingt* 

Concrete substructure 

Steel erection 

Apr. 0, 1942 I 

Apr, 22, 1912 i 

■\pr 29 1942 

-Apr. 21, 1942. 

Apr. 28, 1942. 

May 21, 1942. 

May 28, 1942. 

May 29, 1942. 

May 31, 1942. 

July 2IJ, 1943. 

Apr. 10, 1942. 

Apr. 13, 1942. 

.Apr. 16, 1942. 

May S, 1942. 

Afay 29, 1942. 

May 27, 1942. 

Do. 

July 2S, 1942. 

Aug. 20, 1942. 

Sept. 23, 1942. 

Oct. 12, 1942. 

Oct. 17, 1942. 

Oct. S, 1942. 

May 9, 1942. 

May 15, 1942. 

Dee. S, 1942. 

Feb. 22, 1943, 

MLxer Installation 

Mav 4, 1942 i 

First operating test 


First concrete placed in dam 

j 

Dismantling 


CONSTRUCTION BRIDGE 

Concrete substructure: 

North abutment 

i 

Apr fi, 1942 ' 

Pier 14 

Pier 13 

Apr. 9, 1942 ..J 

.Apr. 12 1942 

Tower 12. 

Tower 11 

Apr. 24, 1942..-. 

May n, 1942 

May 12 1942 

Tower 10 

Tower 9-_. 

May 13, 1942 

Tower 8 - 

•Tnlv 17 1<U2 

Tow^er 7 .... 


Tower 6 . . ... 

Sept, 7 1942 


Sept, 2S 1942 


Sept. 21,1942 


Sept. 13, 1942 


Apr 25 1042 

Tower 1 

. do „ -- 

South abutment and gantry track extension. 

Oct. 28, 1942 . ... 

Second gantrv track extension 

Feb. 12, 1943 

Steel structure, deck, and tracks: 


Completed i 

Dismantled 

Apr. 23, 1942 

July 31, 1943. 

Julv 24, 1943. 

July 23, 1943. 

June 29, 1943. 

May 3, 1943. 

May 1. 1943. 

Apr. 29, 1943. 

Apr. 26, 1943. 

Apr. 24, 1943. 

Apr. 22, 1943. 

Apr. 16, 1943. 

Apr. 12, 1943, 

Apr. 8, 1943. 

Apr. 5, 1943. 

Mar. 31, 1943. 

Mar. 27, 1943. 

Do. 


Apr. 26' 1942 


May 23, 1942 . -- 


June 1, 1942 . 



Tower 10 - - -- -- - 

June 14, 1942 

Tower9 

June 23, 1942 

Towers 

Aug. 8, 1942 

Tower7. 

Sept. 20, 1942 

Tower 6 , 

Oct. 5, 1942 

Towers , 

Oct. 19, 1942 - 

Oct. 26, 1942 

Tower 4. 

Tower 3 _ __ _ ... 

Nov. 2, 1942 - 

Tower 2 

Nov. 6, 1942 

Tower 1 .. 

Nov. 28, 1942 

South abutment and gantry track extension - 

Dec. 8, 1942 

Feb. 24, 1943 

Second gantry track extension 

Timber approach trestle: 

Trestle 


Started 

Completed 

May 29, 1942 

June 30, 1942, 

Aug. 1, 1942. 

Service track __ - 


Revolving gantry cranes (40-ton): 

First Clyde crane _ _ 


Placed in u.se 

Dismantled 

Apr. 14, 1942 

Mar. 7, 1943. 

Aug. 4, 1943. 

Apr. 14, 1943. 

Apr. 8, 1943. 

Mar. 13, 1943. 

SpcoTid Clyde, crane. _ _. 

May 30, 1942 

Dravo crane 

July 25, 1942 

A mericaa crane . 

Nov. 23, 1942 - 

Stiffleg derrick _ . 

June 12, 1942 

DAM AND POWERHOUSE 


Started 

Completed 

i 

Jan. 30, 1942 

February 1942. 

■■ ■ irth side 

Jan. 29, 1942 

niRTTifmri on Ming, south side. . . 

Feb. 20, 1942 

Auger borings - 

Jan. 29, 1942 


1 Erection of bridge started at the north abutment and progressed south as indicated by date shown. 

2 Dismantling of bridge began at the south end and progressed north as indicated by dates showp. 



132 the DOUGLAS PROJECT 

Table 9. — Construction plant erection, in-operation, and dismantling dates — Con. 


Item 


Started 


Completed 


DAM AND POWERHOUSE—COntmued 


Excavation: 

North nonoverflow section 

Spillway and south nonoverflow section 

Intake and powerhouse.- 

Concrete placing: 

Main pours 

Essentially completed 

Switchyard 

High-pressure grouting - 

H oiled fill, switebyard-.H - 

Saddle dams (Nos. 1 to 10, inclusive): 

Stripping- - 

Boiled fill - 

Poundation grouting 

Biprap 

Beservoir water storage - 

TJuit No, 3 on the line — 

Landscaping 


Peb. 1, 1942 

Pebruary 12, 1942. 
AprU 1 , 1942 

May 31, 1942 

September 18, 1942 

May 1942 

July 1942 

March 20, 1942 

April 21, 1942 

April 1942 

June 24, 1942 

February 19, 1943 

February 1943 


November 1942. 


March 22, 1943. 
July 1943. 
November 1943. 
July 1943. 
August 1942. 

Do. 

Do. 

August 1943. 
November 1942. 

March 1943. 
November 1943. 


tTEM 
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Figure 49. — Schedule of major construction plant equipment usage. 
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ACCESS 

Highway access 

On botli sides of tlie river, access highways "were built to serve 
the construction area. The access roads were 31 feet wide at subgrade 
and were surfaced with a bituminous top, 22 feet wide, on a stabilized 
crushed-stone base 6 inches thick. 

The north access road connected to the Kykers Ferry-Dand ridge 
Koad at a point approximately 7% miles west of Xlandridge. From 
Douglas powez'house to the junction between these two roads was a 
distance of slightly more than 1 mile. About 21100 feet from this 
junction, the access road crossed the road between the trailer cantp 
and the main construction camp. Three hundred feet farther, a road 
turned to the main camp and the administration building ( see fig. 
45). Approximately % mile from the junction, the access road 
branched in two directions. One road turned east, passed by the 
compressor house, and then continued to the mixing-plant area and 
the powerhouse; the maximum grade on this road was 9.5 percent on 
a 200-fopt long stretch. The other road turned soutli to the tem- 
porary access bridge over the river; the maximum grade was 10 
pex'cent for a short distance of 200 feet; the average grade was ap- 
proximately 7.4 percent. Wliere tlms road connected wutli the access 
bridge, a side road turned to the shop area, and another connected 
to the dike around the stockpile. 

The south access highway, which connected the access bridge with 
the Sevierville-Dandridge county road, was 1.2 miles long. From 
the south end of the access bridge the road followed the railroad for 
about Too feet and then turned away from the river to its junction 
with the county road. 


Table 10 , — Cost of construction plant and equipment 


i 

Description ' 

First cost ! 
to Douglas ' 
Dam 

Salvage — 
sales and 
transfers 

' Net cost 

1 to Douglas 


$799,429 
48, 703 

$697, 249 
39,420 
39 

$202, 180 
9,283 

equipment ' 


7,731 
712,929 
24, 943 
74, 192 
210, &37 
45,684 
4,776 

7,692 


51,083 

661,846 


1 19,963 

! 43, 738 

161,957 

4,980 


30,454 


48,880 

Unassigned nonrated excayating, grading, and surfacing equipment.. 

3i;84r 

3,929 

13, 737 
847 


125, 973 

89, 245 

36,728 


16,111 
76, 461 

2, 605 

10,618 

5, 493 

'NJn'nTate^ UTiw^.t.p.rin^ ftr^TiipirnTit; . 

53,893 

681 

22,568 

Miscellaneous untagged collerdam, plant, and unwatering equip- 
ment - _ - 

2,024 

MnnTafftd maririft equipment ... _ , , 

1,087 

990 

97 

Reclaiming tunnel - 

55, 916 

1,338 

54, 578 

Aggregate conveyors and screens - 

106, 053 

; 24,678 

31.375 

Cement plant assembly 

59. 1.37 

10,483 

48, 654 

TTuessigned Tiftnrfi.tpd mnerete plant 

73,645 

1 34, 192 

39,4.53 

Cnnprpt.p. mixirig' plant . . i 

148, 869 

25, ,326 

123, 533 

Untagged miscellaneous concrete and form-handling equipment 

Rated miscellaneous equipment , - - ; 

4,705 

774 

i 2, 737 

1 1,250 i 

1,968 

1 476 

Nonrated miscellaneous equipment- . - 

23, 289 

i 16, 255 

7,034 

Tran sf Arm fif!? . .._ 

28,387 

1 23.920 : 

4,467 

Untagged miscellaneous equipment - 

2, 707 

! 2,310 i 

397 

Miscellaneous electrical instruments - 

. 611 

! 316 

295 

Total construction plant and equipment - 

2, 655, 444 

1, 247, 357 

1, 408, 087 




1 Denotes credit. 

794091 — 49 ^10 
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Table 11. — Cost of operating excavating and hauling equipment 




Hours 

worked 

(net) 


Cost per net operating hour 

Eciuipment 

Num- 

ber 

Opera- 

tion 

Ee- 

pairs 

Erect 
and dis- 
mantle 

Depre- 

ciation 

Total 

Shovols; 





$0. 132 

$0. 8.58 

$9. 418 


■ 5 

34, 176 
17,473 

$5. 028 

$3. 400 

iy 2 'Cubic-yard D iBsels - 

“ 4 

5. 241 

4.477 

.485 

.0321 

10. 071 

H-cubic yard Diesels. 

2 

9,626 

4. 065 

1.016 

.151 

.671 

5.803 

Stiffleg derrick operation 

1 

637 

7.877 

.015 

16. 148 

4. 658 

28. 698 

Trucks: 






.7651 



12 

15,350 
1,019 
4,074 
17, 361 

3.414 

4. 259 


6. 908 


4 

3. 718 

5.304 


1.2821 

7.740 

1 Sfi^rlinpr Hump 

5 

3. 179 

2. 122 


2. 211 

7. .512 

Q Tr.npHH cnH Hump 

9 

3. 171 

2,231 

.750 


.2621 

6. 140 

B-f*pbin yafH Wbito dump 

4 

22,247 

6,683 

15,084 

2,256 


.422 

3.428 

^-cnbic ya-T*d trujisit mix 

5 

2. 093 

1.078 


.245 

3. 416 

TTnehriug dompt^tprs 

5 

1.997 

,636 


.974 

3. 607 






Tractors: 






.0621 

5.601 

QB-tinrsepntTfir ra-tcrpillar 

25 

126,956 

11,796 

3.032 

2.531 


Qfi-Tinrsfspnwor a (* TTD14 _ 

3 

2. 532 

I 1. 606 


.630 

4.768 

OlptraeFDLC- 


10,654 
76,516 
24, 125 

4, 303 

3. 566 

1 3. 740 


.168 

7. 474 

J.iun c.rawtftr-t.ypfi Hump trucks 

15 

2. 330 

1.453 


1.553 

5.336 

‘RiicHH t.rak-tniokj 1 S-cnhio-vard 

19 

3. 004 

2.841 


.573 

6. 418 

Elevating grader: 

nuterpinar No. 4S 

2 

3,869 

2.362 


f. 133 

7.364 

Adams, No 11 ... 

2 1 

1,700 

5. 201 

2. 969 1 


2.734 

10. 904 

A t.hpy 1 fi-Pilbin-yfirH 

17 ' 

43,860 

7,572 

k 

.474 

.292 


.675 

1.441 

12-cubic yard carry-all, LeTonmeau 

7 

.428 

.739 


.542 

1.709 


1 Credit. 2 Tractor-drawn. No operator required. 


Railroad access 

Tlie access railroad was 5.6 miles in length from its junction with 
the Smoky Mountain Railroad at Ewing, Term. It crossed the Little 
Pigeon Biver on a single-track bridge consisting of three steel girder 
spans and timber apxiroach trestles. The steel spans were old bridges 
purchased from the Louisville & Nashville Railroad Co. There were 
one 50-foot-long through girder span weighing 85,000 pounds and 
two 38-foot-long deck girder spans weighing 34,000 pounds each. 

The contract between the TVA and the Smoky Mountain Railroad 
Co. specified that the TYA pay the railroad $42,500 for rehabilitation 
of its line between Knoxville and Ewing and lend it one of the steam 
locomotives (73 tons) from Cherokee Dam, in lieu of which the 
railroad would haul the trains from Ewing to the storage sidings 
located on the left bank of the river about a mile from the dam. 
From these sidings, cars were hauled to the plant area on the opposite 
side of the river by TVA owned and operated 73-ton steam locomo- 
tives. After crossing the bridge, railroad cars could either be moved 
to the cement silo or the shop area. The track to the cement unloading 
point at the silo and to the construction bridge was on a 2.64 percent 
maximum upward grade. The track to the shop area was on a 2.26 
percent maximum downward slope. There were sidings to the car- 
penter shop, to the machine shop, to the warehouse, and to the oil 
storage so that cars could be brought directly to their destination. 

Because of the limited space in the shop area much of the material 
and equipment was temporarily stored along the storage sidings on 
the south bank. This was the case with the structural steel for the 
access bridge and for the construction bridge. Transportation from 
this storage yard to the dam was by truck, by trailer float, or by 
railroad car. 
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Locomotive and job railroad operating cossts are given in tables 
12 and 13. ' 


Table 12. — Locomotive operation costs 


Item 


Pieces of equipment, number 

Hours operated, net 

Operating labor 

Fuel: 

Coal Cl, 808 tons) 

Gasoline (22,885 gallons) 

Fuel oU (2,184 and 11,702 gallons). 
Miscellaneous supplies and expense. 

Eepairs— 

Erect and dismantle 

Depreciation 

Total cost 


75-ton, i I'l-tou, ' 25-tOll, 

eo:il I gas- i 

burning | eleotrie ; electric 


3 1 3 ' 3 

I 11,413 , 9, Ob) 


$4. 5<j5 j .jii.r.vi I .fa. l^7 
1.390 I 



Awn 

. 990 

. 57t; 

.U35 

.044 

2.))47 

.370 

.2,54 

.147 

.902 

.030 

. 51 y 

.57-i5 1 

.733 

9.193 

2.992 



Table 13 . — Job railroad operation 
[4,405 cars] 

C'osf per CUT 


Operating labor (switchmen, etc.) §3. 536 

Equipment operation (steam locomotive) 11. 239 

Repairs to cars . 066 

Repair and maintain tracks ' 4. 574 

Depreciation: 

Plant railroad 20. 716 

Railroad cars . 143 


Total cost 46. 274 


Access highway and railroad bridge 

The highway and railroad bridge, which provided access during 
construction, across the French Broad River was located approxi- 
mately 2,100 feet downstream from the dam (see fig. 50). The sti'uc- 
tnral steel bents and deck girders were obtained from the aggregate 
trestl^ at Cherokee Dam and transported by truck and trailer float. 
Most of the deck steel and all of the bents re<juired some alterations 
which, were done at Douglas Dam. The bridge was 766 feet and 
5% inches long, measured from end to end of steel. Beginning at 
the north end, the first 12 spans (or 458 feet) were built on a straight 
line; the remainmg 8 spans- were constructed on a 14° curve. 

The bridge was level for the first 15 spans from the north end with 
the top of biudge floor at elevation 910 ; the remainmg 5 spans were 
on a one-half percent grade down toward the south abutment. The 
superstructure consisted of 20 steel spans with timber decking. Three 
of these spans were 30 feet long, the others varied in length from a 
little below to a little above 40 feet. The substructure consisted of a 
timber -crib abutment at each end and 19 steel bents. All bents were 
rigid type frames fabricated with horizontal struts but without cross 
bracings (see fig. 51). Six of the bents were braced together longi- 
tudinally, in groups of two, to form three towers. All the bents were 
supported on timber cribs, except four on the south bank which rested 
on concrete footings. 
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The bridge was designed to carry one lane of traffic, either railroad 
or highway, and walkway loading. The railroad loading was assumed 
to cf)nsist of one 73-ton steam locomoth^e hauling S5-ton freight cars. 
Fifty percent impact wais allowed and a braking force equal to 7^2 
Ijercent of the train load (without impact) was permitted. This 
limited the maximum speed of the train to 5 miles per hour. The 
design of the timber deck was controlled by the wheel loads of a 23- 
cubie-yard tournapulL These loads amounted to 35,500 pounds plus 
25-percent impact on each rear wheel. The bridge was strong enough 
to carry a 2-cubic-yard shovel weighing 80,000 pounds after counter- 
weights, clipper, and dipper stick had been removed. It was designed 
to withstand a 70-mile-per-hour wind, when empty, equivalent to 30 
pounds per square foot on 11/2 times the projected area of the structure ; 
or a 4:0-mile-per-hour wind, when loaded, equivalent to 10 pounds per 
square foot on 1% times the projected area of the structure, with 60 
pounds per linear foot on train applied 6 feet above top of rail. The 
walkway was designed for a live load at 100 pounds per square foot. 



Figure 50 . — Uightvay and railroad access bridge from south bank. 


The bridge deck (see fig. 52) was built new and consisted of 12-inch 
timber ties, 16 feet long, spaced 14 inches on centers. These timbers 
supported the two rails (S5-poimd ASCE) and the floor planks for 
the 14-foot-wide roadway. These floor planks were laid in two layers, 
first a 3-incli subfloor laid diagonally, and above this a 3-inch wearing 
surface, consisting of white oak No. 1 bridge planks, and laid longi- 
tudinally. ^ On each side of the road was a timber curb and heavy 
timber railing. The planks were fastened with 50d nails, two at each 
tie. 

The timber deck was supx^orted by two wide-flange steel beams 
spaced 7 feet 8 inches on centers. The 40-foot sjDans consisted of two 
36-inch wide-flange beams weighing 160 pounds per foot. The top 
flange was reinforced with a 15'inch channel weighing 33.9 xDOunds 
per root. The beams were tied together with three diaphragms, one 
at each end and one at the center of the span. These diaphragms were 
fabricated from 18-incli wide-flange beams, weighing 50 pounds per 
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foot. Ko horizontal bracing -was provided. The 3U-foot .spans con- 
sistecl 01 t’wo 36-inch wide-flange boams weighing 150 pounds per foot. 
The beams in each span were tied together wnth the same type and 
number of diaphragms as the lO-foot span, and with horizontal braciiic^ 
consisting of 4- by 4~ by %g-inch single angles welded to existing gusset 
plates on the top flange of each beam. 

The 5-foot walkway was built of 2-inch planks supported on two 
wide-flange steel beams, 3 feet on centers, and supported on cantilever 
brackets riveted to the upstream columns of the bents. 


14 ' roddkvay— -v | 

Top of ftoor, 
£1910.0-^ 1^ 1 

bridge, track i pier 

x- walkway 

Benfs enclosed 
to£/S92—\ J 


\ ^WS E! 892 
\ i (14 yr frequency) 

1 

Lo^ WS 

(^000 to 6000 

~7777777777r || || j| j Lli±£^ 



Figure 51. — Typical section through highway and railroad access bridge. 



Provision for expansion was provided at the turn abutments and 
on the south side of each tower. All other connections between spans 
and bents were fixed. The bents were too high, and it was necessaiy 
to cut the columns. For 13 of the bents the upper part of the original 
bents was used, and only new column bases had to be fabricated and 
put on. For the six bents used in the towers the lower part of the 
original bents was used, anci holes had to be drilled for cap beam and 
longitudinal bracing connections. Each bent was 8 feet wide at the 
top and all columns had a batter of 21/4 in l^* 

The timber cribs which supported the bents were built to elevation 
873 ± , which permitted a discharge of 6,000 cubic feet per second during 
their construction, They rested on rock and were constructed of 
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Figure 53. — Access bridge. Excavation for crib foundation. 

8- by 8-incli timbers drifted together with %-incli-round pins. They 
were built with F>omted ends to reduce the velocity pressure and any 
tendency to accunnilate floating trash and were divided into three com- 
partments. The center compartment was filled with rock and the end 
ones with concrete. The bents were anchored to the concrete with two 
1^4-iiicli-diameter anchor bolts at each column, except the tower bents, 
where four 2i4"iiich-dianieter bolts were used at each column. All 
anchor bolts were set in ]pipe sleeves. The original design called for 
6-foot-wide cribs 40 feet long for the single bents, but after four of 
these had been built the cribs were increased to the same size as the 
tow^er cribs to obtain better stability on the rough river bed ; these were 
8 feet wide and 43 feet and 6 inches long. The cribs were covered with 
1-inch sheathing and the upstream nose was protected by a 10-gage 
bent-steel plate 6 inches wide. 

^ The two rock-filled crib abutments were constructed of 8- by 8-inch 
timbers. The north abutment was built with skew stepped-down wing 
walls, the south abutment without wing walls. The bridge seats con- 
sisted of 4- foot-wide by 11.6T-foot-long concrete slabs, 2.5 feet deep, 
which were supported on timber posts to rock. 

_Tiie bridge was erected in the following manner. Work first started 
with excavation for the north abutment. .Excavation was carried to 
rock, and the overburden material was used to form part of the pro- 
tective dike around the aggregate stock-pile area. On the south bank, 
excavation to bedrock for the abutment and for the footings of the 
adjacent four bents was done with a %-cubic-yard dragline, 
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Figure 54 . — Access bridge during construction. 

Excavation in the river for the timber cribs supporting 12 bents tvus 
carried to bedrock with a %-cubic-yarcl clamshell bucket operated 
from a crane mounted on a pontoon float (see fig. 58). A heavy steel 
cable was stretched across the river from bank to bank, approximately 
100 feet upstream from the bridge location. The pontoon barge was 
held in position by steel ropes attached to this cable. 

^ All timber cribs for the bents were built on the north bank of the 
river and pulled into the water with block ancl tacMe. Fastened 
between two^ timber barges, the crib was then maneuvered into its 
proper location with gasoline launches and held in place with guy 
cables while the crib was lowered in place by filling it with rock. The 
rock was hauled out in wheelbarrows over a temp)orary timber runway 
constructed on top of the cribs. Wlien sufficient rock had been placed 
to insure against movement of the crib, concrete was placed by tremie 
in the end compartments. Concrete was mixed in a portable inixer and 
placed with wheelbarrows. After completion of concrete placing, 
jackhammer holes were drilled through the concrete and grout and a 
cement sand mixture was poured into these holes to further stabilize 
the cribs. The concrete footings for the four bents at the south end 
were placed by chutes from a portable mixer. 

Steel erection started at the north abutment. From this abutment 
to bent 14, inclusive, steel was handled with a crawler crane (see 
fig. 54). The bridge steel from the south abutment to bent 14 was 
erected with a locomotive crane. 
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CONSTRUCTION BUILDINGS 

To avoid delays in coiistnictioii no new designs or details of build- 
ings weiT developed. New l)uildings were constructed from plans 
prepared previously for other TA^A projects. Several smaller job 
buildings were transferred from Cherokee Dam. The warehouse and 
the machine shop had to be built new as none were available within 
the TYA. Temporary offices, a warehouse, and a tool room were built 
immediately and completed during February 1942, the first month 
of construction: the compressor house ^vas completed March 26, 1942, 
though it was placed in service some time before March 15, 1942; and 
practically all other buildings were finished and in use before the 
end of April 1942. 

In the main yard or shop area, which was about 1,200 feet long and 
350 feet wide, the following shop buildings and job buildings Avere 
located: warehouse, machine shop and garage, carpenter shop, oil 
house (with one gasoline tank and three oil tanks) , bag-cement house, 
field engineers’ office, two first-aid buildings, and numerous 20- by 
20-foot job buildings (see fig. 55). The small job buildings were 
used by riggers, carpenters, electricians, pipefitters, foremen, and truck 
dispatchers; or to house tools, a water cooler, and a tin shop. After 
the first-stage cofferdam had been completed, most of the small job 
buildings were moved downi in the coffer area to be near the construc- 
tion activities. Just before the cofferdam wms removed they were 
again moved to the shop area and located along the river bank. 

The compressor house was located along the road to the mixing 
plant area above the shop area. The administration bnilcling on top 
of the hill commanded a full view of the construction area. 

The time office and a small sandwich shop were located where the 
road to the administration building turned off the north access road. 
The hospital and personnel building was built nearby and the ex- 





Figure 55. — Construction plant shop area. 
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plosives house was erected near the storage yard, some distance back 
of the hospital. 

The substation that served the construction area was erected not 
far from the time office; the other substation, built by the TVA near 
the quarry, provided electric power for the aggregate contractor. 
Both substations were located on high ground far above the highest 
river level recorded. 

The buildings were wooden frame temporary structures* They 
were all founded on mud sills, except the first-aid building, the field 
engineers’ office, the reinforcing yard office, the riggers’ sluick, the 
tool shanty, and the 20- by 20-foot job buildings which were on 
skids to facilitate moving them around in the construction area. The 
buildings^ were only one-story high with the exception of the ad- 
ministration building which had two stories and a basement. The 
main shop and plant buildings, such as warehouse, machine sliop, 
carpenter shop, compressor house, oil house, and cement shed were 
covered with corrugated or V-crimp galvanized steel siding and roofing, 
while the smaller buildings were built with sliiplap siding and with 
either asphalt shingles or three-ply roll roofing. 

The administration building, the hospital and personnel building, 
and the various camp buildings are discussed in chapter 5. 

The general dimensions of various plant buildings are listed in 
table 14. Buildings and utilities costs are given in table 15. 

Table 14 . — General dimension of plant buildings 


Type of building 

Length in 
feet 

Width in 
feet 

Wings, platforms, or other additions 

Administration building (3-story) 

76 

30 


Health and safety building 



Hospital nnd personnel building 

/ 90 

1 31 

40 

33 

33 

24 

30- by 33-foot wing, hospital. 

21- by 30.5-foot wing, personnel. 

11 24- by 19-foot platform. 

■|l 9- by 19-foot platform. 

[l 13,5 -by 19-foot platform, 

[14- by 80-foot lean-to. 

180- by 108-foot platform. 

[20- by 4S-foot platform. 


Carpenter shop 

101 

36 

Compressor house - 

no 

28 

Concrete-testing laboratory^ 

20 

20 


Detonator house -- - 

10.3 

10.5 


Explosives house - 

' 26.5 

18.5 



30 

' 16 



24 

i 




Machine shop 

210 

50 

31- by 14-foot locker room. 

Miscellaneous shop and job buildings i 

Oil house and storage 

20 

SO 

20 

20 

Reinforcing yard office ^ - 

16 

10 


Riggers' shack C - 

52 

20 

Tw*o 20- by 20-foot buildings with 

Substation, main construction.- - 

30 

10 

32-foot extension. 

Substation at quaiTy 

21 

m 


Telephone exchange building (temporary) -- 
Tool shanty 1 

12 

16 

12 

11> 


Warehouse 

195 

1)0 

15- by <»U-foot screened-in platform. 





1 Building was founded on skids. 

2 Timber roof trusses were used to expedite completion of shop. 
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Table 15 . — Buildings and utilities costs 


Description 

First cost 
to Douglas 
Dam 

Salvage 
sales and 
transfers 

Net cost 
to Douglas 


$77, 802 


$77, 802 
235, 589 


236, 625 

$1,036 


4, SS2 

789 

4, 093 


29, 036 

4,936 

24, 100 


73, S40 

11, 832 

62, QOS 


5,379 

104 

5, 275 


83, 138 

19, 643 

63, 495 


21,484 

275 

21, 209 


72, 602 

36, 898 

36, 704 


128,005 

10, 323 

117, 682 


33, 026 

2,990 

30,036 


2,399 

2, 399 

T'iTn^ _ 

6,620 

497 

6', 129 

Warehouse and storage yard - 

47, 105 

6,221 

40, 884 

Testing laboratory . •_ - 

4,452 

3,536 

916 

Tool house - _ - -- 

229 

105 

124 

First-aid stations 

1, 814 

91 

1,723 

TflTnpnrRTy tnilfits 

5, 948 

141 

5, 807 

Miscellaneous small buildings . 

58, 792 

6, 657 

52, 136 

Machine and general shop .. _* 

64,894 

24, 029 

40, 865 

Carpenter shop _ 

34,623 

11,654 

22, 969 

Eloetrieal shop _ _ 

340 


340 

Garage .. .. 

3,562 

23 

3,539 

Xiunchroorn - 

828 

187 

641 

Steel-bending shop- . _ 

2,541 

1,939 

602 


2,388 

1,580 

808 


3,689 

3, 689 

! ■ . ■ -id facilities. 

38, 462 

161 • 

38,301 

Total, buildings and utilities-- 

1, 044, 511 

14S, 336 

896, 175 



UTILITIES 

Drains 

All roads in tlie shop area were graded and surfaced with crushed 
rock. Pipe drains were laid in the construction plant area as shown 
in figure 45. 

Filtered water 

The filtered water system is described in chapter 5. 

Raw water 

The raw- water system consisted of a bO^OOO-gallon-capacity elevated 
steel storage tank transferred from Cherokee Dam, two electric-driven 
Vertical centrifugal iDumps at the system intake, and a network of dis- 
tribution lines. The storage tank was located on the hill opposite the 
road from the administration building. The 22-foot-diamcter tank 
was supx^orted on a 105.5-foot-high tower with a balcony at the top. 
A standard 10-inch-hase ell and a 36-inch riser were providech 
The raw water was taken directly from the French Broad Biver. 
Actually, three pumps were transferred from Cherokee Dam but one 
was held as a spare. Each pump was rated at 1,200 gallons per minute 
at 450-foot head and driven b^^ a 200-horsepower, 2,200-volt, 3-phase, 
60-cycle, vertical squirrel-cage induction-type motor. These pumps 
were first located on a log crib intake structure (see fig. 56) on the 
north bank of the river approximately 1,200 feet downstream from 
the dam. The rock fill was obtained from excavation in the mixing 
plant area, ^ The first pump was -put in service on March 17 to supply 
the main air compressor, although the raw-water tank was not com- 
pleted and filled until later. The second pump was installed after 
the raw-water storage had been completed. 



CONSTRtfCTIOA’- PLANT 


143 



Figure 56. — Kaw water intake pumping station. 


Ill September 1942, tbe pumps were moved to tlie upstream face of 
the dam, inside the first-stage cofferdam, and served not only in sup- 
plying raw water but also assisted in x^^^aiping out the cofferdam 
until its removal. During the first week of December 1942, the pumps 
were again moved, this time to unit 4 in the xiowerhouse. They re- 
mained there until completion of the job. The main raw-water dis- 
tribution system consisted principally of 8-inch pipes, though some 
12- and 6-inch lines were used, mien the pumps were located on the 
log crib structure on the right bank a 12-inch pipe 100 feet long con- 
nected the pumps with two 8-incli mains to the raw-water tank. One 
of the mains was laid between the warehouse and the machine shop 
and then continued up the hill to the tank; the other line was laid 
past the carpenter shop and the mixing plant, then up the hill to the 
tank. An 8-inch line across the construction bridge joined the latter 
main near the mixing plant. Several 6- or 8-inch branch lines from 
the two mains 'were laid to the various job buildings. Twenty 4-mcli 
fire hydrants rated for 250-pound water pressure and with two 2i/^- 
inch hose connections were scattered through the shop and mixing 
plant area and near the administration building. All pipe lines were 
protected against damage by frost, pijDes in the ground by 3 feet of 
cover, pipes above the ground by other means. All pipe lines were 
specified to be either level or sloping upward toward the tank to avoid 
air pockets. Where this could not be done air relief valves were 
provided. 

All pipes 6 inches and over were spiral welded and coated inside 
and outside with coal tar pitch varnish. Pipes were ordered in 40-foot 
lengths, ends suitable for welding, and butt- welded together in the 
field into 120-foot sections. These sections in turn were joined by 
Dresser-type couplings, the welded beads having been ground off each 
end of the pipe for a distance of 10 inches. 

All valves were standard flanged ferrosteel body wedge-gate type, 
with nonrising stem, brass seats, and brass stem. Sittings were 250- 
pound cast-iron flanged. 
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Compressed air 

Tlie first T Greeks before the iimiii compressed-air plant had been in- 
stalled and placed in service air was supplied to drilling operations by 
portable compressors. On the south bank five pjortable compressors 
with a total capacity of 1,760 cubic feet per minute were used ; on the 
north bank three portable compressors wnth a total capacity of 1,000 
cubic feet per minute were in operation. 

The main compi‘essed-air plant (see fig. 57) consisted in the begin- 
ning of two Sullivan twin-angle coinxDomid air compressors, each 
having a piston displacement of 3,148 cubic feet per minute and each 
driven by a 500-horsepow^er synchronous motor comx^lete with dead 
front and totally enclosed starters and 15-kilowatt motor generator 
exciter. Eacli compressor was furnished with a size hI-12 aftercooler 
and an Air-maze oil-batli-type air filter. A single 66-inch-diameter 
air receiver 30 feet long was used. The compressor plant was origi- 
nally purchased for Cherokee Dam, then transferred to Douglas Dam. 
More specific data on the compressor plant include : 

Compressors : Sullivan class WN-4, sizes 22 hy 14 inches and 13 by 14 inches. 
Alotors: Electric Machinery MaunfMctiu-iiig Co., 500-horsepower motor, 

25T-revolutiou-per-miimte, 2,300-volt, 3-pliase, GO-cycle, with O.S power factor. 
Aftercooler : Sullivan, multipass, 12. 



Figure 57. — Main compressed-air plant. 


The comi)ressors were located 24 feet and 2 inches a^iart and enclosed 
in a building 28 feet wide and 60 feet long. The air receiver and the 
air filters were located outside on the north side of the building. In 
June the comxiressor house was extended 12 feet, and a 1,400-cubic- 
foot-per-minnte Bury comx^oiind conijiressor, transferred from Fort 
Loudoun Dam, was installed July 1, 1942, to help take care of x^oak 
loads. This Buiy comxMossor, class YCC-T-B, had a 1,420-cubic- 
foot-per-minute maximum piston displacement under full load, two 
low-pressure cylinders 16 by Ifi inches, one high pressure cylinder 
14 by 14 inches, and a maximum speed of 225 revolutions x^^t minute. 
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It "was belt driven by a i^50-liori5ep<AYer (leneral Electric induction 
motor, 450 revolutions per minute, 440 volts, 00 cycles. A Sullivan, 
serial 123, aftercooler and one American type 4--SCF air filter were 
used with this compressor. 

The main distribution system consisted of a lO-inch main from the 
compressor plant alon^ the road toward the mixin<r plant and con- 
tinuing out upon the construction bridge. A 2-inch branch extended 
to the reclaiming tunnel under the stock pile, a partly 4-incii and partly 
24nch branch went to the carpenter shop, and a 4-inch line siippliell 
air to the mixing plant and the cement silo. Before the c'onstriiction 
bridge had been extended to the south bank, a G-inch main was laid on 
top of the entire first-stage cofferdam. A 4-ineh branch line from this 
6-inch main was carried across the first-stage diversion channel by 
means of a steel suspension cable to provide air for operations in the 
south abutment area. Smaller lines were tapped into the main dis- 
tribution system wherever needed. 

Where required, 2-incli wedge disc, nonrising stem, standard 125- 
pound steam, brass gate valves, and 3- to 10-inch standar*! iron body 
wedge-gate valves, flanged types, were installed. 

On the line to the mixing plant area a 3G-incli-diameter vertical 
air receiver, 8 feet long, and a 4-inch moisture separator comxilete 
with automatic drain trap were installed. Air traps of the inverted- 
bucket type, Armstrong ISTo. 213, were placed below the 10-iiich air 
main at all low points. 

All pipe 4 inches or more in diameter was sj^iral welded with No. 
12 TJSS-gage wall thickness. It was ordered in 40-foot lengths similar 
to that used for the raw-water system. Some pipe was purchased 
coated inside and outside, same as the water pix)e. 

Sanitary sewer systems 

The sanitary sewer systems extended throughout the camx> and con- 
struction plant area. One system served the trailer camp, the hos- 
pital, the main camp, and the aclministration building. Sewage from 
this system emx)tied into the main se^Dtic tank located about 200 feet 
northeast of the administration building. This tank was built of 
reinforced concrete and had a capacity of 38,000 gallons. The outfall 
line from this tank x)assed through the shop area and emx)tied into the 
river below the raw-water intake station. In this system 6,260 feet 
of 6-inch pipe and 2,140 feet of 8-inch pipe were used. Yitzified clay 
sewer pipe was iisecl throughout the ]*ob. Standaiyl b*rick manholes 
were built wherever the sewer lines changed direction or slope. 

A separate small reinfoz'ced concrete septic tank of 900-gallon 
capacity was built at the time office ; because it Yvas about 35 feet lower 
than the main septic tank, connection to the main system was 
impossible. 

Another sewer system served the comx)ressor house and the buildings 
in the shox) area. The mains in this system consisted of 815 feet of 
10-inch pipe, 654 feet of 12-mch pipe, and 400 feet of 15-inch pipe. 
In addition 1,050 feet of 6-iiich branch sewers were installed. The 
system emptied into the river downstream from the i*aw- water intake 
station. Manholes were similar to the ones for the camp sewer system. 

Gasoline, fuel oil, and lubricants ^ 

Diesel fuel oil and gasoline were delivered in railroad tank cars to 
the job and stored in four horizontal steel storage tanks supported on 
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Steel bents and concrete piers. Gasoline was stored in one 12,000- and 
two ISjOOO-gallon tanks, Diesel fuel oil was stored in one 12,000- 
gallon tank. One of tire 12,000 -gallon tanks was transferred from 
Watts Bar Dam, the other tanks from Cherokee Dam, 

Lubricants in drums were stored in an oil shed located in the shop 
area near the access bridge. This building was 20 feet wide and 80 
feet long. It consisted of a 40-foot-long storage room with crushed 
rock floor and a 40-foot screened-in and roofed-over wood platform. 
In the storage room two rows of drums were stored on timter racks, 
and smaller quantities of kerosene, varsol, and various lubricants were 
obtained from these. If a full drum was needed it was delivered 
from the platform. 

All construction equipment was serviced by two tank trucks and two 
grease trucks. The tank trucks were 3-compartment 650-gallon ca- 
pacity GMC trucks ; one truck was transferred from Cherokee Dam, 
the other was purchased new for Douglas Dam. One of the grease 
trucks was a 4-ton International D-50 model stake truck transferred 
from Cherokee Dam, the other was a stake truck obtained from the 
TVA’s transportation equipment pool. On the grease trucks the fol- 
lowing accessories were mounted : 

One garage-type gas-engine-driven air compressor of 20-cubic-foot-per minute 
capacity. 

One 20-inch-diameter air receiver 6 feet long. 

Three water tanks, made of 6-inch-diameter spiral welded pipe, 14 feet long. 
One drum for high-pressure grease ] 

One drum for transmission grease > on other side of the truck. 

One drum for hoist oil J 

Two spare drums at center of truck. 

Alemite oil dispensers, and Alemite high- and low-pressure pumps. 

Six reels with oil and grease hoses at the rear end of the truck. (Two reels 
served the high pressure grease drum, none connected to the hoist oil drum, 
and one reel was provided for each of the other drums.) 

Two reels with air hoses, one on each side of the truck. 

Three water tanks, made of 6-incli-diameter spiral welded pipe, 14 feet long. 

These were mounted helow the truck bed. 

All drums were standard 55-gallon size. 

One grease truck and one fuel truck worked together as a unit and 
perfoimed all services on a piece of equipment in a single stop. The 
grease truck also serviced trucks and cars, changing oil, jputting air 
in tires, and refilling radiators. 

Electrical power 

'ImQO^mng powe7 \ — On February 8, 1942, construction power was 
made available at the dam site. Telephone service was established at 
the dam site on February 9. ^ Construction power for Douglas Dam 
was taken from the Sevierville substation which, had an ultimate 
capacity of 9,000 kilovolt-amperes when using fans for cooling the 
transformers. Two 12.45-kiiovolt circuits from the Sevierville sub- 
station served the project, one of aluminum construction with a capac- 
ity of 3,000 Jdlovolt-aniperes, the other a copper circuit having a 
kilovolt-amperes, giving a total line capacity of 
10,000 kilovolt-amperes for both circuits. A tap structure with* two 

erected. One tap circuit having a capacity 
of T5OOO kilovolt-amperes served the main construction substation. 
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The other tap circuit served a 1,500 kilovolt-ampere substation vrliich 
furnished power to the aggregate contractor at the quarry site. The 
two main circuits from the Sevierville substation to the tap structure 
were operated in parallel. Disconnecting switches were installed at 
both ends of these two lines and permitted either line to be removed 
from service in the event of trouble. The tup structure wtis built with 
two sets of disconnecting switches connected to a common bus from 
which two additional sets of disconnecting switches were connected 
for the two tap circuits to the project. 

Suhstation . — The main construction substation consisted of three 
1,000 kilovolt-ampere, 12.45-kilovolt to 2.4-kilovolt oil insulated, self- 
cooled transformers located on the right bank of the river downstream 
from the dam site at elevation 1,080 (see hg. 58). An exceptionally 
heavy pumping load caused by leaks in the cofferdam required the 
addition of two 667 kilovolt-ampere transformers connected in open 
delta, and at a later date this open delta was closed with two 400 kilo- 
volt-ampere transformers connected in parallel. 



The switch house contained a 2,300-volt switchboard consisting of 
one main line panel and seven feeder panels. ^ Disconnecting switches 
were provided for each panel. The main line panel consisted of a 
manually operated 1,200-ampere, 3-pole, 50,000-ldlovolt-ampere in- 
terrupting capacity, oil circuit breaker; a voltmeter; an ammeter: 
voltmetei'* and ammeter transfer switches ; and a watt-hour meter. All 
meters and switches were mounted on a sheet steel panel 24 inches 
wide and 76 inches high. 

Each feeder panel consisted of a manually operated 600-ampere, 
B-pole, 50, 000-ldlo volt-ampere interrupting capacity, oil circuit 
breaker; an ammeter; an ammeter transfer switch; and a watt-hour 
meter. These meters were also mounted on sheet steel panels 24 
inches wide and 76 inches high. 

ElectHoal distribution.—Th^ electrical distribution system con- 
sisted of five 2,200-volt, 3-phase circuits. Transformer banks were 
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provided at various locations for stepping the voltage down to 110, 
220. or 440 volts as required. All equipment in the carpenter shop 
and machine shop was designed for 220-volt operation. The air com- 
pressors, raw water pumps, and revolving cranes operated at 2,200 
volts. Conveyors, mixing plant, and other related equipment - were 
operated at 440 volts. Both 2,200 volts and 440 volts were used for 
cofferdam dewatering pumps. 

The camp distribution system consisted of one 2,200-volt, 3-phase 
primary circuit. Standard single-phase distribution type trans- 
former's were provided to step down the voltage from 2,200 to 110/ 
220 volts. Each transformer installation included a set of fusible cut- 
outs and a set of lightning arresters. The total kilovolt-ampere capac- 
ity of the distribution transformers was equally divided between the 
three phases giving essentially a balanced load on the three-phase 
circuit. 

Fire alarm system . — ^The American District Telegraph Co. was 
awarded the contract for a complete fire-alarm system. There were 
several changes made in construction plans after the contract was 
awarded, and certain adiiistmeiits were taken care of through nego- 
tiations with the contractor after award. 

The system was installed in seven dormitories, mess hall, substation, 
administration bnilcling, hospital, personnel building, and compressor 
house. With this sj^stein the action of initiating the alarm is due to 
the effect of the fire, wherein the heat given off causes the expansion of 
air contained in a small copper tube. The tubing was installed upon 
the ceilings or near the top of the walls. Eacdi end of a loop circuit 
was connected to a detector unit in. such manner that the expansion of 
the air in the tubing caused a diaphragm within the detector unit to 
close an electrical circuit which initiated the alarm. The automatic 
actuation of the alarm was due to the rate of temperature rise. 

Manual alarm stations were installed at each of the following loca- 
tions : trailer camp, tune office, field engineers’ office, carpenter shop, 
machine shop, and warehouse. Three buildings, the machine shop, 
the carpenter shop, and the warehouse, were equipped with sprinkler 
systems with incorporated automatic devices that would indicate the 
fiow of water into the sprinkler system. The complete fire alarm 
system was terminated at an annunciator panel located in the fire 
headquarters. An alarm initiated from any one of the buildings was 
indicated, as to its location, on the amiunciator panel. 

The entire fire alarm system was supervised to protect the circuit 
against abnormal conditions such as interruption or failure of power, 
and open, short circuited, or grounded circuits. 

Pouter requirementB . — ^The total power consumed for the construc- 
tion of Douglas Dam from February 1942, through March 1943, was 
30,258,800 kilowatt-hours. The maximum 30-ininiite demand recorded 
was 6,152 kilowatts, which occuiTed in November 1942. 

MAIN QUARRY AND AGGREGATE PLANT 

Main quarry, crushing and sizing plant 

^ Rock for concrete aggregates and sand was obtained from two quar- 
ries spaced about 800 feet apart and located on the north bank of the 
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river, approximately three-foiirtlis of a mile from tlie dam. Quarry 
operations and the processing of crushed stone and manufactured sand 
was contracted to the Birmingham Slag Co. of Alabama. The con- 
tract called for approximately 300,000 net tons of manufactured sand 
at $1.15 per ton and ax>proximately 700,000 net tons of aggregates at 
$1 per ton to be delivered to the TVA's reclaiming timiiel at a rate to 
meet the demands of the construction schedule. Quantities were sub- 
ject to 30 percent increase or decrease without change in unit prices. 

Because of war conditions it was necessary for the Birmingham Slag 
Co. to obtain priorities for the xmrchase of sux)pieuiental equipment. 
However, great difficulty was experienced by them in obtaining the 
required priorities, in spite of the efforts by the TVA to expedite the 
matter. The equipment had been ordered and most of it was ready for 
delivery. To avoid further delay and to prevent the loss of soine of 
this equipment to others holding high priority ratings, the TVA 
decided to purchase it on their own priority and allow the Biriningliam 
Slag Co. to use it on a rental basis for the life of their aggregate con- 
tract on the Douglas ]project. The equix^ment tlius purchased from 
nine manufacturers cost a total of $89,43G.1T. 

The Birmingham Slag Co. found that an additional crusher would 
be necessary to meet the sand requirements during the peak concreting 
months of July and August 1942. They requested that the TVA rent 
to them a Symons 4-foot short head cone crusher located at Fontana 
Dam, and this was agreed to for a 2-montli period at a rental of $500 
X^er month. The contractor had the crusher hauled from Fontana at 
his own expense on June 26, 1942. The motor was shipped direct to 
Douglas by the Allis-Chalmers Manufacturing Co. and aridved June 
30, 1942. Postponement of the x'>eak conci’eting x^eriod due to founda- 
tion difficulties and delay caused by clay seams in the quarry made it 
necessary to extend the rental x^eidod several times. The crusher was 
finally returned to Fontana Dam on January 31, 1943, at the con- 
tractor’s expense. 


Table 16 . — Cost of quarry operation 


Item 1 

Quarry No. 1 
j north side i 

Quarry No. 2 
south side ^ 


103,527 

73.374 

Operation:^ 

Preliminary expense - 

Cost per cubic yard 

! $0,031 

.317 
.059 
.101 
.021 

$0,045 

.900 

.154 

.311 

.003 

OrilliTig 

Blasting -- - 

Tion^iitlg Tifl.nli'ng , _ _ 

Quarry service operation - . - - 

rotal quarry operation.-----..------ ------------ 

.529 

! 

1.413 



1 Main quarry, 

2 Quarry for saddle dam riprap. 


794091 — 49 - -11 
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Table 17 . — Cost of concrete aggregate 


Sand, first cost f.o.b. stock pile: 


Item 


Cost per 
ton 


$1. 153 
.006 
.Old 


Total sand 'used, 313,944 tons 

Handling at stock pile: 

Miscellaneous expense and electricity furnished contrachjr. 


1. 174 
.024 


Total sand cost f.o.b. stock pile. 


1. 198 


Stone, first cost i.o.b. stock pile: 

Stone purchased, 716,968 tons (eontraet price) 

Land cost and e.xploratory drilling prorated 

Unrecoverable, 23, 193 tons 

Total stone used, 693,775 tons 

Handling at stock pile: 

Miscellaneous expense and electricity furnished contractor. 


1. 000 
.005 
.033 

1.03S 


.024 


'■ r-'le 

1,007,719 tons. 


1. 062 
1.105 


Reclaiming tunnel 

Tile crushed stone and manufactured sand were stacked by the aggre- 
gate contractor oybi* a reclaiming tunnel built by the T^A (see fig. 
5D), The tunnel was located, as shown in figure 45, close to hill to 
permit the contractor to use stackers for conveying the material from 
his screening structures to the stock 'pile. Aggregates and sand were 
stored above the tunnel in five piles and in the following sequence, 
beginning from the end nearest the quarry : cobbles, coarse rock, me- 
dium rock, fine rock, and sand. The piles were spaced 100 feet on 
centers except the piles containing fine rock and sand where the spacing 
was 115 feet. With this spacing and appi'oximately 50-foot-high 
piles a storage of 50,000 tons of aggregates and sand coni cl be obtained. 



Figure 59 . — Aggregate reclaiming tunnel under construction. 
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Tlie material was reclaimed by gravity tlu*ou,o;li IG openings in the 
tunnel roof and fed by radial-gate-oontrolled chutes to the first of the 
five belt conveyors, which carried it to the concrete mixing plant. The 
openings in the tunnel were so spaced under each pile that inaterkil 
from adjacent piles would not be drawn at the same time and cause a 
mixture of sizes. There were four belt loading points, 20 feet on 
centers, for cobbles; six, 10 feet on centers, for sand; and two, 20 feet 
on centers, for each of the other sizes of aggregates. 

The tunnel was 5G5 feet long and oi.>en‘^at Vmth ends. It ayus 
built on a %-percent slope to |)ermit water to drain to a sump pum]) at 
the quarry end. The tunnel was built in a G.5-foot deep trench which, 
after the tunnel had been completed, was backfilled with coarse rock 
to help drain water away from the tunnel sides. a further precau- 
tion one 8-inch-diameter porous tile drain was laid on each side of the 
tunnel for the full length. 

The same design and details used for part of the reclaiming tunnel 
at Cherokee Dam fitted conditions at Douglas Dam and was therefore 
used. A cross section of the tunnel is shown in figure GOa. Beginning 
at the northeast end of the tunnel this section was used for a distance 
of 513 feet; then for the next 20 feet the tunnel was widened and the 
floor slab dropped as shown in figure 60b to allow sufficient space for 
the belt conveyor tail pulley ; and for the last 32 feet, a cross section 
similar to the first one was adhered to. 

The tunnel consisted of a reinforced concrete floor slab and a lami- 
nated timber arch structure. The slab was reinforced with 1-incli 
round bars, bent and hooked, and spaced 5^^ inches on centers, except 
that 1-inch squai’e bars spaced 5 inches on centers were required for 
the widened section of the tunnel. To take care of drainage the top 
of the slab sloped from each wall to a gutter located on the center line 
of the belt conveyor. The top of the slab was recessed 2 inches under 
the walls as shown in figure GOa. Concrete w'as specified to have a 
minimum ultimate compressive strength of 3,000 pounds i^er square 
inch at 28-day test. A total of 323 cubic yards of concrete and 58,000 
pounds of reinforcing steel was required. 

The laminated timber arch structure was built with 4- by 10-inch 
timber. All pieces were prefabricated in the carpenter shop to exact 
length and bevels called for in the details to insure full hearing at each 
joint. The 4-inch thick planks were joined in the field with %6-inch 
diameter by 7-inch long spikes with flat heads and diamond points. 
The holes for these spikes were I4"it^ch diameter. This was done in 
the carpenter shop when the pieces were fabricated. About 85,000 
spikes were required. All timber was specified to be shortleaf south- 
ern yellow pine, dense structural square edge and sound, and to be 
rough. About 210,000 feet board measure of timber was required. 
At each belt loading point, the arched tunnel roof was omitted and in 
its stead a steel gate frame was placed to span between the tunnel 
walls as shown in figure 60c. These gate frames were fabricated from 
18-inch channels, weighing 42.7 pounds per foot. Bach frame was 
covered with 10-inch deep timbers except at the opening. The open- 
ings were 26 inches wide and 32 inches long in the frames for cobbles 
and 24.5 inches wide and 31 inches long for all others. The gates con- 
sisted of a fixed chute bolted to the bottom of the gate frame, a couii- 
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terweiglited hinged chute, and a rndial gate to control the flow. Both 
the latter parts were attached to the fixed chute and were operated 
manually. 

The gates were centered oxev the belt conveyor which was offset 
12 inches from the center line of the tunnel. They were made of 
and %-inch thick wear-resisting steel plate. The o])ening in each 
frame was lined with i/4-inch thick wear-resisting steel ])late. Pro- 
vision was made for inserting a blank plate between the gate and 
tlie frame should it become necessary to stop the tiow of material in 
order to repair the gates. Poke holes were also provided to break 
np any choking of material. 

Seven new gates, four foi* cobbles and tln-ee for other sizes of ag- 
gregates, and two new gate frames w’ere purchased for fi'om 

the Wisconsin Bridge c'c Iron Co. The rest of tiie gates and frames 
were transferred from Cherokee Dam. 

A narrow walkway extended along the riverside of the tunnel. 
Lighting was providkl by 100-watt lamps spaced apt)roximatelv 20 
feet on centers. They were of the ceiling-type outlet, Crouse Hinds 
Vaportight No. VC~2289. Green signal lamps controlled fK)m selec- 
tor switches in the head house of the mixing plant signaled the 
reclaiming tunnel operator which size aggregate was required. 

Excavation for the tunnel was done witli 1%-cubic-yard Northwest 
draglines and a bulldozer. The excavated material was used to form 
j)art of the protective dike around the stock pile. Concrete for the 
tunnel floor slab was mixed and placed with a portable mixer. Tim- 
ber was erected with hand labor. 

Belt conveyors 

The conveyor system which carried the aggregates and the sand 
from the stock pile to the concrete mixing plant consisted of five 
S6-inch belt conveyors, designed to handle 500 tons per hour. Mate- 
rial was fed to and carried by conveyor DG-1 (which Avas located in 
the tunnel and extended out under the north access road) to a trans- 
fer point (see fig. 61), from which it was then transported by con- 
veyor DG~2 to the rinsing screen where the aggregates were washed; 
sand was always bypassed and aggregates could be if desired. The 
conveyors between the rinsing screen and the mixing plant were 
located on the hillside above the road to the cement unloading point 
(see figs. 61 and 62). From the tail pulley on conveyor DG~1 to 
the head pulley on conveyor DG-5 the over-all horizontal length, 
measured along the center line, was 2661.72 feet and the differential 
rise was 172.38 feet. The lowest point on the belt system, at elevation 
880.75, was the downstream end of conveyor DG"1, and the liighest 
point, at elevation 1051.93, was the discharge end at the top of the 
mixing plant. 

The belt conveyors were started in sequence from the head end 
and interlocked to prevent a conveyor from discharging material onto 
a conveyor that was at a standstill. ^ If for any reason the leading 
conveyor stopped, the conveyor feeding material to it would auto- 
matically stop. This type of interlock system has a further advantage 
in that the operator can immediately locate a conveyor that shuts 
down because of mechanical or electrical failure. 




Figure 62 . — Belt conveyors DG-4 and DG-5. 

Conveyor DG-1 was powered by a To-liorsepower, 25200 -volt 5 3- 
pliase, wound rotor motor, controlled by a full automatic magnetic 
starter ; conveyor DG-2 was powered by a 60-liorsepower, MO-volt, 
S-pbase, squirrel-cage gear motor, controlled by a combination mag- 
netic switch ; conveyor DG-3 was driven by a 100-horsepower, 2,200- 
volt, 3-phase, wound rotor motor, controlled by a full automatic mag- 
netic starter; conveyor DG-4 was driven by a 30-horsepower, 440- 
volt, 3-phase, squirrel-cage gear motor, controlled by a combination 
magnetic switch; and conveyor DG-5 was driven by a 100-horsepower, 
2,200-volt, 3-pliase, wound rotor gear motor, controlled by a full 
automatic magnetic starter. 
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The following general data apply to the. belt conveyors: 


Item 

Bolt conveyor 

DG-1 

DG-2 

DG-3 

DG^ 

DG-5 

Length, horizontal, in Xeet 

Rise, in feet 

840.3 

45.9 

392.7 

38.1 

.mo 

80,2 

791.7 

^',9.7. 

&0.8. 

G- by S-pIy, 
3G ounces. 

500. 

100. 

1 

! 47.95. 

No chain 
drive. 

Horizontal. 

1 

Drop, in feet 




32.73 

Belt, 36 inches wide 

Speed., in feet per minute 

Motor horsepower 

6- by 8-ply, 
42 ounces. 

220 

5- by 7-ply, 
32 ounces 
and 28 
ounces. 

.'iOO--- 

60 

5- by 7-ply, 
32 ounces. 

500 

100 

4- by G-piy, 
2S ounces. 

30 

Motor output speed, revolutions 

per minute 

Reducer ratio - 

1 1,165 

15.49 to 1 

174 ' 

1.170- 

5.SG to 1 

114.. 

Chain drive ratio 

Chain, pitch in inches 

70 to 19 

2 

54 to 20 

134 

53 to 17 

2 - 

16 to 29 

11. 

Chain, number of strands ' 

3 

2 



Type of automatic take-up j 

Vertical 

Horizontal.. 

Horizontal. . 

HorizontaL.j 


All parts for belt conveyors DG-1 and DG~3 were purchased new. 
The drive machinery complete with electrical controls were purchased 
from the Link-Belt Co. The contract with this comxiany also included 
a sprocket for conveyor DG-4. The total cost of this equipment was 
$5,957.55. Eevolving brushes with T%-inch diameter spiral rubber 
rolls were purchased from the Kohins Conveying Belt Co. for $925. 
Each brush had a speed of 375 revolutions per minute and was driven 
by a 1%-horsepower, 440-volt, 3-pliase motor. Pulleys, idlers, hold- 
backs, and take-ups were bought from the Webster Manufacturing 
Co., Inc., for $12,079.88. All belting for conveyors DG-1 and DG-3, 
and a short piece for conveyor DG-2 were furnished hj the Boston 
Woven Hose & Eubber Co. for $14,962.67. The belting was "‘Bull 
Dog” brand having a friction of 20 to 24 pounds per inch and a rubber 
tensile strength of 3,500 to 4,000 pounds per square inch. 

The three belt conveyors which were used at Cherokee Dam were 
transferred and used as conveyors DG-2, DG-4, and DG-5. Eo new 
])arts were required except 160 feet of additional belting for conveyor 
DG-2 and a driven sprocket for conveyor DG-4. 

Troughing idlers were spaced 3.5 feet on centers except at the load- 
ing points where the spacing was reduced to 2 feet. Eetiirn idlers 
were spaced 10 feet on centers. All conveyors were roofed over. 
Lighting was provided along all the walkways. 

To provide passage for the belt conveyor under the north access 
road, a timber tunnel was constructed before the road fill was made. 
The inside dimensions of the approximately 200-foot-long tunnel were 
6 feet 8 inches in height and 7 feet 2 inches in width. The walls con- 
sisted of 8-incli minimum diameter logs ; the roof and the bottom were 
constructed of 10- by 10-incli timber, 10 feet long,^ with 2- by 4-inch 
spreaders, laid flat and nailed to the 10- by 10-incli timbers. _ Drainage 
along the sides of the tunnel was provided by backfilling with crushed 
stone next to the W'alls and by 6-inch open joint tile drains, one on each 
side. 

The conveyors were siqiported on timber struct ui'es with the follow- 
ing excei:)tioiis. Most of the conveyor DG-5 was carried on three deck 
type steel truss spans supported partly by steel bents as shown in figure 
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100, and wliei*e conveyor DG-3 crossed the road to the mixing plant 
it was supported by a 50-foot-long steel span consisting of three 18-inch- 
wide-flange beams weighing 50 pounds per foot. The truss spans and 
the beam span were transferred from Cherokee Dam. No alterations 
were required to the trusses ; they were erected on the same slope, 3% 
ill 12, and the upper span was snpporteH on the mixing plant in the 
same manner as at Cherokee Dam. The three bents required some 
alterations. They all had to be cut down in height ; and to provide 
clearances for the railroad tracks two of the bents were supported 
on 36-inch girder beams, spanning the tracks and supported on concrete 
columns. 

The timber supports consisted principally of 4- by 8-inch stringers 
to carry the idlers and of 3- by 8-inch stringers to support the 3-foot- 
wide walkway. The stringers were supported on bents or low frames, 
spaced approximately 14 feet on centers. In the tunnel, the top of 
the idler stringers was 1 foot and 8 inches above the tunnel floor, 
elsewhere 2 feet and 4 inches above the timber wallcway , which extended 
on the right-hand side of the conveyors. 

All timber sections, including transfer structures and siipxiorts for 
the rinsing screen, were built with hand labor. A Northwest crane 
was used to erect the steel beam overpass for conveyor DG-3 and the 
two lower spans for conveyor DG~5. The span was handled 

with the Clyde gantry crane first put in service. 

Rinsing screen 

The rinsing screen -was an Allis- Clialmers model 1048, tri]Dle-deck, 
low-head screen, 5.5 feet wide and 12 feet long, driven by a 20-horse- 
power, 440- volt, 3-phase, squirrel-cage motor controlled by a combina- 
tion magnetic switch. Only the upper and the lower screens were 
installed. It was transferred from Cherokee Dam and with only minor 
changes installed at Douglas Dam; a Northwest crane was used to 
handle and install the screen. 

The details of the timber supports, except for the lower part, were 
identical to the ones used at Cherokee Dam. 


Table 18. — Cost of aggregate handling — Storage to mixer 
[984,123 tons] 

Cost per ton 


Labor 10. 05S 

Repairs OO9 

Depreciation : 

Aggregate conveyors and screens .083 

Reclaiming tunnel .056 

Miscellaneous expense: air, water, equipment, etc I__ .034 

Total cost . 235 


CEMENT HANDLING AND STORAGE 

^ Cement handling and storage equixnnent was transferred practically 
intact from the Cherokee project, and installed with minor modifica- 
tions. Where justified from an engineering and economic standpoint, 
such a procedure is in accord v^itli TYA practice of utilizing available 
facilities. Furthermore, in view of the rapid construction schedule 
arising from the exigencies of a war period, any possible transfer 
materially helped the purchasing and delivery situation. 
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In general, the arrangement for unloading and storing cement was 
substantially the same as the one used at Cherokee, ex«h^pt that the 
entire plant was located much closer to the dam and concreting op- 
erations (see tig 100) . 

Bulk cement was furnished by three ditie rent mills authorized by 
contract, all located within a radius of 150 miles. Cement was 
transported by rail to the job. Standard railroucl boxcars were lined 
to prevent cement loss in transit, and each carload was tested and 
sealed by the inspector before shipment. The total cement didiA^ered 
to the job was approximately 0:28.070 barrels. 

The unloading shed was designed to accommodate tracks IS feet on 
centers so that two boxcars coidd be unloaded at the same time. 
Power scrapers unloaded the material into hoppers h>eated between 
the tracks. In the process the cement t)assed thrcjugh vibrating screens 
and was taken away by chain flight conveyors to bucket elevators. 
From the top of these elevators the cement was discharged either into 
a 6,000-barrel silo for storage, or into the cement comt)artmeiit of 
the mixing plant, as required. Provision was also made for the cement 
to flow by gravity from the silo back to the elevators. Except for the 
silo, all other equipment was furnished in duplicate. Although the 
peak capacit}" of the cement handling equipment was about 500 barrels 
per hour, the maximum yardage for ]>lacing concrete probably never 
exceeded 270 cubic yards per hour requiring approximately 21)U barrels 
of cement. The average demand was more in the order *<jf 240 cubic 
yards per hour or less, which could be taken care of in case of tempo- 
rary repairs to one set of ec|uipment. 

Cement power scrapers 

By the time this equipment was needed for the Douglas project, one 
of the power shovels, together with supporting frame, screen, and 
hoppers, had been shipped from Cherokee to another project. Conse- 
quently, an identical power scraper was purchased for Douglas from 
the Webster Manufacturing Co. Each shovel was a right- and left- 
hand drive double scoop, automatic type unit, complete with scoops, 
cable, chains, and sheaves, driven by a 10-horsepower squirrel cage 
induction motor operating at 1,800 revolutions per minute, 220/440 
volts, 3 phase, and 60 cycles. The approximate weight of these two 
units was 2,840 pounds, and they were supported on steel structures at 
42 feet on centers. 

Cement screens 

Screening was necessary to remove lump cement and foreign matter 
which very often resulted in damage to the cement batcher screw feed. 

Consisting of piano wire mesh with %-inch openings, the screens 
measured about 4 by 7 feet and were so designed as to operate on a 5° 
downward angle. They had a combined capacity of 750 barrels of 
cement per hour. 

Chain flight conveyors 

Two Mass-Flo conveyors were used, each having a capacity of 250 
barrels per hour, and each driven by a 15diorsepower, 13-revohition- 
per -minute gear motor ■with a resulting conveyor speed of *26% f^iet per 
minute. Both conveyors were furnisliecl by the Jeffrey Manufactur- 
ing Co. for the Cherokee project. 
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Starting horizontally mrder the tracks, the conveyors were inclined 
on an angle of 37° and discharged into a feed chute attached to the 
bucket elevators. The conveyors consisted of alloy steel chains with 
a 9-inch pitch and with hinged flights on every other link, enclosed in 
a steel casing 15 inches wide and 24c inches deep. The top plates of the 
casing were %6 ii^ch thick, removable for inspection at loading and 
discharge points. Side and bottom plates were both % inch thick, 
excejot that the bottom plate was abrasion-resisting steel. The ap- 
jDroximate shipping w^eight for both conveyors was 32,000 pounds. 

The conveyors were located under the tracks in a concrete pit with 
4-incli thick walls and bottom slab. On account of rock excavation, 
the size of the pit was kept down to a minimum. The entire cement 
unloading facilities were protected by a timber framed shed 34 by 104 
feet, covered with corrugated roofing and siding, having a clearance of 
17 feet 6 inches from top of rail to the bottom chord of roof trusses. 

Bucket elevators 

The two bucket elevators were originally furnished by the Jeffrey 
Manufacturing Co. for Cherokee Dam. Each had a capacity of* 250 
barrels (1,000 cubic feet) of cement per hour based on an aerated weight 
of 65 pounds per cubic foot. The elevators were equipped with 24- 
by 8- by ^g-inch Century high-back buckets spaced 24 inches on two 
strands of alloy chain with a 6-inch pitch and were driven by a 15- 
horsepower, 7l-revolution-per-miniite gear motor, which gave an 
elevator speed of 125 revolutions per miuute. 

Spaced 6 feet on centers, the elevators discharged through a common 
chute with a fly valve which directed the material by means of 16-incli 
diameter by pipes either to the cement silo or mixing 

plant. Cement was reclaimed by gravity from the silo back to the 
elevators through a 16-inch diameter pant-leg pipe. By installing two 
bucket elevators it was possible to continue delivery of cement without 
interruption in event of repairs to the bucket chains of one elevator. 

The approximate shipping weight of both elevators was 73,000 
pounds. 

Cement silo 

The 6,000-barrel-capacity silo was one of the two originally pur- 
chased for the ^^orris project, and this was the fourth transfer. The 
silo had a diameter of 30 feet, a height of 64 feet 5‘ inches from the 
column bases to the top, and was supported on eight 12-inch, 65-pound 
section, wide-flange columns. The bottom of the silo was conical and 
to it was attached a 14-inch rotary gate valve leading to a pant-leg 
consisting of 16-inch-diameter pipes. The flow into either pipe was 
controled by a biitterfly valve. Holes Avere proAuded in the bottom (rf 
these pipes and in the conical part of the tank for standard %-inch- 
pipe couplings, for the purpose of aerating the cement, when required, 
to pi’eveut clogging. 

The cement silo was provided with a 7-foot-diameter A^ent, 9 feet 
high, mounted on the top. Actual loss of cement varied from 0.1 
to 1.0 percent. To suit the particular layout requirements the silo 
had to be elevated on a concrete supporting structure. Eight rein- 
forced concrete columns, 32 inches square, were used to provide an 
additional height of 18 feet. Because of the rock foundations, iso- 
lated footings 5 feet square and 3 feet deep were used, as compared 
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with a ihng-shaped slab for Cherokee Dam. An allowable rock pres- 
sure of 20,000 pounds per square foot for the combined dead and live 
loads was adopted. 

The columns were tied at the top with struts 12 inches wide and 
18 inches deep. Approximately 6i) cubic yards of concrete and 6,000 
pounds of reinforcing steel were required for the supporting stnictiu'e. 

Concrete was supplied for the footings by a portable mixer and 
placed from timber ramps while a 1-cubic-yard bucket handled by a 
Northwest crane placed concrete in the columns. The same crane was 
later used for erecting the steel columns, and the remaining parts of 
the silo were erected by the 40-ton Clyde crane from an adjacent track. 

Table 19 . — Cement costs 
[614,030 barrels] 

Cost 

per Mrrel 


Operating labor 052 

Job railroad system . lotj 

Miscellaneous supplies and expense .0011 

Repairs . 019 


Total operation .270 

Cement f.o.b. Sevierville, including testing 2. Ill 

Plant depreciation ,079 


Total cost cement delivered to mixer 2. 4CiO 


CONCRETE MKING PLANTS 

Main mixing plant 

The concrete mixing plant was transferred from Cherokee Dam. 
The general arrangement was practically the same at Douglas Dam as 
at Cherokee Dam (see fig. 45). Only minor revisions were required. 
Instead of the center of the mixing plant being located on the line 
through the centers of the cement silo and the bucket elevators, it was 
offset approximately 6 feet from that line; this necessitated minor 
changes in the chutes going from the top of the bucket elevators to the 
cement silo and to the cement compartment in the mixing plant. Be- 
cause the trains entered the mixing plant from a different direction 
the lower cross-bracing in two of the bays had to be Telocated. At 
Cherokee Dam it had been necessary to spot the concrete bucket undp 
the wet-batch hopper before the mixer could be dumped. To avoid 
this handicap at Douglas Dam a radial gate was installed at the bottom 
of the hopper. 

The footings for the mixing plant were 6 feet square and 3 feet 
deep. The reinforced concrete mixer platform was identical in de- 
sign to the one used at Cherokee Dam, except that the footings^ for 
the columns were 3 feet square and at least 3 feet deep. All footings 
were extended to sound rock, and each was anchored by eight 1-inch- 
diameter dowels. The maximum bearing pressure was 10 tons per 
square foot. Concrete was specified to have an ultimate compressive 
strength of not less than 2,500 pounds at a 28-day test. 

Concrete for the footings and the mixer_ platform was supplied 
by transit-mix trucks. Concrete for the footings was poured directly 
from the trucks into the forms. Congrete for the platform and its 
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supporting columns was placed with 1-cubic-yard buckets handled 
with a Northwest crane. 


Table 20.— Concrete mixing plant costs 
E544,083 cubic yards] 

Cost per cudio yard 


Operating labor $0,138 

Power, water and air .066 

Miscellaneous materials and expense .017 

Repairs . 028 

Plant depreciation . 226 


Total cost . 475 

Auxiliary batching plant and portable mixers 

For placing small amounts of concrete in iDlaces inaccessible to the 
gantry cranes operating on the construction bridge an auxiliary 
batching plant serving transit-mix trucks was constructed. The batch- 
ing plant consisted of a Blaw-Knox, lOS-ton, three-compartment bin 
complete with one 2-cubic-yard batcher and cement loading chute. It 
was rented from Wilson-Weesner-Wilkinson Co. for $250 per month 
and later purchased for $3,000 less accrued rental. The location was 
approximately 300 feet downstream from the main concrete mixing 
plant. A timber ramp supported on trestle bents extended from the 
road back of the bin to the top of the bin to provide for filling by 
trucks (se^fig. 68). 



Figure 63. — Auxiliary batching plant. 


Five transit-mix trucks with 1%-cubic-yarld mixers were purchased 
for use with the auxiliary batching plant, though the maximum 
number in use at any one time was only three, two being transferred to 
other jobs. Three of these were rented from the Birmingham Slag Co. 
for $300 per month each and later purchased for $3,500 each, less 
accrued rental. Two more were purchased from the same company 
for $3,500 each. ■ 
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In addition to the above, three portable Vo-cubic-yard misers \rere 
used for small poui’s. Transit-mix trucks supplied the concrete 
for the main mixiii;^ plant footings and the mixer foundations, and 
also for the lower end of the tailrace wall, portions of the apron weir 
wall, and the core wall for the north abutment Other items of con- 
creting done by transit-mix trucks or portable mixers were switch- 
yard footings, curbs, manholes, powerhouse floor finishes, etc. Con- 
crete for the cement silo footings was supplied !)Y one of the \»ortable 
mixers. 


CONCRETE HANDLING AND PLACING 

Concrete was discharged from the three mixers into a conical shaped 
steel wet batch hopper, which had a capacity of 25 cubic yards. From 
the hopper the concrete was loaded into buckets through an air- 
operated radial gate. The buckets were hauled by trains to any one 
of four 40-ton capacity electric gantry cranes, wliicb, operating on the 
construction bridge, placed the concrete in the forms. The concrete in 
blocks 1, 2, and 3, which were out of reach of the gantry cranes, was 
placed with a stiffleg derrick. Part of the spillway aproii and training 
walls was also out of reach of the gantry cranes." Concrete for these 
parts of the dam was hauled from the mixing plant on a flatcar 
equipped with three 4-cubic-yard hoppers. This concrete was dis- 
charged over the downstream side of the construction bridge, through 
an elephant trnnlc, into a hopper at the base of the dam. From the 
hopper, concrete was loaded into 2-cubic-yard buckets and hauled by 
truck to crawler cranes, for placing in the aforementioned places. 

Concrete haulage 

Concrete was hauled from the mixing plant by trains, each con- 
sisting of a locomotive and one flatcar. Six 40-ton flatcars, 32 feet 
long, were transferred from Cherokee Dam, These were factory 
rebuilt cars purchased for Cherokee Dam at a cost of $1,106.90 each. 
These cars were equipped by TVA with operating platforms and 
bucket guides to facilitate spotting the buckets (see fig. 64), Three 
loaded buckets were carried on a car and there was additional space for 
setting one empty bucket. 

Five standard-gage locomotives were purchased new. These in- 
cluded three General Electric 25-toii Diesel-electric locomotives pur- 
chased at $13,180 each and two Plymouth IS-ton gasoline locomotives 
purchased at $9,400 each. The 25 -ton General Electric locomotives 
had a 72-inch wheelbase and an operating weight of 49,000 pounds. 
They operated, forward or reverse, at speeds of 1% miles per hour 
to 20 miles per hour with tractive effort varying from 15,000 pounds 
at 1% miles x^er hour to 1,200 pounds at 20 miles hour. The 
18-ton Plymouth locomotives had a 63-incli wheelbase and an oper- 
ating weight of 36,000 pounds. They operated in four speeds, for- 
ward and reverse, with tractive effort varying from 9,000 pounds 
at 2% miles per hour to 3,260 pounds at ISyo miles per hour. 

The concrete transfer tracks were located as shown in figure 100. 
The length of track from the mixing plant to the extreme south end 
was about 1,300 feet. Eighty-five-pound ASCE rails and No. 6 frogs 
were used. The maximum degree of curvature was 30°. 
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Figure 64. — Flatcar with concrete buckets. 

Table 21. — Concrete haulage costs 
[535,512 cubic yards] 

Cost per ciiMc yard 

Operating labor $0. 077 

Equipment (locomotives, 13,510 hours) .082 

Miscellaneous material and expense .010 

Bepaixs . 032 

Depreciation : 

Buckets, trucks, cars, hoppers, etc ' . 045 

Construction trestle 1. 247 

Total cost 1. 493 

Construction bridge 

Six additional deck spans were required in addition to tlie spans 
which, were transferred from Cherokee Dam. They were made iden- 
tical with existing spans, so that no new detail drawings were re- 
quired for their fabrication. ' Onlj^ about one-third of the steel 
required for all-steel towers was available from Cherokee Dam. In 
order to avoid possible delay in construction due to failure of steel 
deliveries, and to conserve structural steel, which was then a critical 
war material, two of the towers and the lower parts of the others 
were built of reinforced concrete (see figs. 65 and 66). The cost 
of these concrete towers was high. Some existing tower steel was 
shipped to the fabricator for alterations, and a small amount of new 
tower steel was purchased. 

Figure 67 shows the typical section of the construction bridge. 
From station 6 + 57 to station 17+52 the bridge paralleled the dam, 
with the center line of the gantry track^ at a distance of 98 feet 9 
inches from the axis of the dam. The bridge towers and spans were 
arranged as shown to clear the penstocks (see fig. 65) and sluiceways. 
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The curve at the north end was necessary to bring the concrete track 
under the imxing plant. At the south end, the steel deck ended at 
station IT + 52.06 and beyond this point the gantry rails were carried 
on concrete walls and pads, while the concrete tracks were supported 
on a timber structure. The curve at the south end was necessary to 



Figrue 66. — Construction bridge during erection. Note diversion channel in 

foreground. 


keep the upstream gantry rail outside the dam excavation (see 
fig. 68). The total length of the gantry track was about 1,330 feet. 

Steel striLGtwe.—TliQ bridge deck was of steel framing with the 
gantry rails supported directly on the main girder spaced 30 feet 
on centers. Two concrete tracfe, 12 feet on centers, were located be- 
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tween the gantry rails. Between stations 8 + 1*1 and 15 + 02 a third 
line of girders 29 feet 6 inches downstream from the center line of 
the gantry track, supported framing for a narrow walkw^ay and a 




Figure 68. — Gantry track, extension, south hank. 


general service track. An access walkway, 6 feet 6% inches wide, was 
carried on brackets cantilevered from the upstream girder. 

The concrete tracks were snjpported on 8- by 8-inch timber ties, 
11 feet and 2 inches long. Bails, ties, 8- by 8-inch guard timbers, and 
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3“inch planking were joined together to form panels, between floor 
beams, that could be removed when concreting below the bridge. 
Similar removable panels were used in the service track area, but here 
it was necessary to include the steel stringers as part of the panels to 
permit lowering the concrete buckets through the deck. For the serv’- 
ice track 8- by 10-inch ties, 11 feet and 6 inches long, were used. The 
construction bridge at Cherokee Dam was designed for the following 
design loads: 

Live loads : 

Concrete tracks, one 10-ton locomotive and one 50-ton capiicity car ; or one 
10-toii locomotive and two cars each loaded witii three 4-cubie-yard buckets, 
weighing 22,000 iDounds each. 

Service track, one 10-ton locomotive and one car. Maximum weight of load 
and car, 125 tons. 

Crane track, one crane, or two cranes on 60-foot centers. Each crane with 
a live load of 22,000 pounds plus 50 percent impact at 135-foot radius ; or 
two cranes on 60-foot centers with a single live load of 44,(X)D pounds plus 
50 percent impact at 135-foot radius (no slewing forces were considered 
with this loading). 

Maximum moment caused by slewing, 660,000 foot ijounds. 

For crane track between towers 7 and 10 (at powerhouse), two cranes on 
37-foot centers with a single live load of 160,000 pounds at 45-foot radius 
(no Imi^act). 

Walkways, 100 pounds per square foot. 

Snow load : 10 pounds per square foot. 

Wind load : 25 iminds per square foot on vertical area of structure and cranes 
with cranes not operating, or S pounds per square foot with cranes operating. 

The loading conditions at Douglas Dam were the same as for Chero- 
kee Dam, with the exception that locomotives weighing up to 25 tons 
were used for hauling concrete trains. 

The sizes of main members are given in table 22. 

Table 22. — Sizes of main members, construction bridge 


Item 


63- and 68-foot spans 


30- and 30-foot 6-mch spans 


Crane girders: 

Depth (back to back flange angles) 
■ Section modulus (in. 3): 

Upstream girders,.- 

Downstream girders 


8 feet inch 

3600 (63-foot span). 
4230 (6S-foot span). 
42.30 (63-foot span). 
4920 (68-foot span). 


4 feet H inch. 
1330. 


1540. 


Service track girders: 

Depth (back to back flange angles) 

Section modulu-s (in. 3) 

Floor beams: 

Between crane girders 


For service track arrangement. 


6 feet H inch 

1100 — 

1-36WF160 (fi.xedend) 

2~36WP170 (interior) : 

1-36WF150 (expansion end), 

24W.F74 

3 bays at 21 or 23 feet 


30WF116. 


1-36WF150 (interior). 
1-33WF132 (expansion end). 
l-:i3WFl32 (expansion end). 
24WF74, 

2 bays al 15 feet =3=. 


Stringers: 

For concrete tracks. 


For service track. 


2lWF.')9 (in.skle) 

21WF63 (outside 6:i-foot 

span). 

21\VF68 (outside 68-foot 
span). 

24WF74 (63-foot spans) 

24WFS0 (68-foot spans) 


16WF40 (inside). 
16WF (outside). 


1SWF55. 


Tower columns: 
Upstream — 

Center 

Downstream. 


Item 


Ail towers 


14WF119. 
MW P’136. 
14WF6S, 


794091 - 49 - -12 
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Towers 1 to 10, inclusive, were partly of steel. The upstream 
columns varied in height from 14 to 35 feet; the center and down- 
stream columns varied from 25 to 51 feet. To have m^de the towers 
entirely of steel would have required an additional 1,280,000 pounds. 


Table 23 . — Approximate quantities and cost of steel in the construction bridge 


Item 

Transferred from 
Cherokee 

New at Douglas 

Pounds 

Cost per 
pound 

Pounds 

Cost per 
pound 

Deck steel; 

Boiled sections 

i 

744,000 

$0. 0386 

178, 000 

$0. 067 

Plate girders 

1, 180, 000 

.0441 

249, 000 

.067 

Bracing 

212,000 

,0516 

40, 000 

.067 

Tower steel: 

Boiled sections 

l.'iZ.OOO 

.0496 

66, 000 

.067 

Bracing 

251, 000 

.0616 

146, 000 

.067 

Masonry plates 

5,000 

.0496 

55, 000 

.042 

Total - 

2, 649, 000 


724, 000 






Concrete towers , — The reinforced concrete towers were designed as 
rigid frames. The columns below the gantry crane girders were all 
3 feet and 8 inches square, except the ones for towers 11 and 12 which 
were 3 feet and 6 inches square. The downstream columns (for the 
service track) were 3 feet square. All columns were stiffened with 
struts, spaced approximately 20 feet on centers. The footings under 
the columns were either 6 or 7 feet square, but the height varied con- 
siderably. The footings for tower 8 were built on the dam structure 
after the concrete in the block at that tower had been placed to eleva- 
tion 846. All other footings were carried to sound rock. The foot- 
ings for concrete towers 1 to 12 were mostly within the area of the 
dam and were built when the dam excavation had been completed at 
the footing location. The maximum bearing pressure was 20 tons per 
square foot. Concrete was specified to have a minimum ultimate com- 
pressive strength of 2,500 pounds per square foot at 28-day test. A 
lower bearing pressure and concrete strength was used for the north 
abutment, piers 13 and 14, and the gantry rail wall at the south end. 

Approximately 3,930 cubic yards of concrete and 767,000 pounds of 
reinforcing steel were required for the towers, the piers, a.nd the 
abutment. 

Erection of the bridge began with the excavation and concreting for 
the north abutment and piers 13 and 14 in April 1942. The construc- 
tion of the concrete towers progressed from the north end, as dam ex- 
cavation advanced from the right bank and over toward the left bank. 
All concrete towers out to and including tower 3 were built in the first- 
stage cofferdam. _ Towers 1 and 2, at the south end, were located in the 
first-stage diversion channel. They were, however, among the first 
ones started, and the concrete part of these towers was completed before 
the water was diverted through the channel. 

The erection of steel followed immediately after the concrete struc- 
tures had been completed. All steel spans and towers, except steel 
towers 1, 2, and 3, were handled and erected with one of the 40-ton 
Clyde revolving cranes. Whenever practical, this crane, operating 
from the completed section of the bridge, would also place concrete for 
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tlie concrete towers. Where the concrete towers were out of reach of 
the crane, concrete was placed by a pumpcrete macliine. or by truck- 
carried 2-cubic-yard buckets handled with a crawler crane. 

The deck spans were designed to be erected from south to north, 
or opposite to the order whicli had to be followed at Douglas Dam. 
The long girders were 8 feet deep and w^ere supported directly on the 
towers. Each girder was fabricated with a seat at the north end 
(fixed end) on which the south end of the 4-foot deep tower girder 
rested. The other end of the tower girder was supjaorted on the tower 
by a 4-foot deep bracket attached to the bottom of the girder. This 
meant that in order to erect the tower span the following long span 
and the next tower had to be erected first. This would have caused 
some delay. To permit erecting the spans on towers T to B, without 
waiting for the next tower to be completed, teinporaxy brackets were 
designed similar to those already provided at the north end. ^ They 
were fabricated in the field and attached to the south end of the girders. 
Thus, the span on tower T could be erected and the deck and track 
installed without having to wait for span 6-7 to be in place. Aa soon 
as span 6-7 had been erected, span 7 was supported in the regular 
manner, the temporary brackets were removed and attached to the 
south end of the girders in span 6. These were then erected, as soon as 
tower 6 had been completed ; and then the same procedure, as described 
for tower span 7 and span 6-7, was followed, until all spans over to and 
including the span on tower S had been erected. 

The steel sections of towers 3 and 2 were erected with a Northwest 
crane operating from the top of the first-stage cofferdam. The steel 
section of tower 1 was erected by a Lorain crane operating from the top 
of the rock bluff excavation. 

Table 24. — Cost of construction bridge 

Foundations and concrete towers 

Timber decking and walkways 

Structural steel (first cost and erection) 

Dismantling 

Total (rails not included) 

Concrete buckets 


The following buckets were used : 


Num- 

ber 

Make 

Capacity 
(cubic yards) 

Cost new 

2 


1 

$200 



2 

550 

A 


3 

660 

% 

17 


4 

890 

J. 1 





The Heltzel buckets and six of the i-cubic-yard Draro buckets ^ere 
purchased new for Douglas. The remainder were transferred irom 
other TVA projects. Most of the concrete in the dam was placed with 
the 4-cubic-yard buckets, the other being us^ where quantity of con- 
crete or limited clearance made the use of the large buckets imprac- 
ticable. The Dravo buckets were operated by handwheels and were 
suitable for handling close to forms and storing close together on 
cars, as none of the operating mechanism projected beyond the outside 
skin plate. 


$383, 823 
47, 190 
238, 580 
43, 417 
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Table 25. — Operating characteristics of electric cranes 



2 Clyde 

1 American 


Cherokee _ . 

Kentucky 


57,588 

52,380 - 


125 

125 

Capacity, in tons: 

11 

11 





40 

40 


34 

34 


30 

30 


31.67 

25.58... 


28 

25 - 

Travel spoftO , in feet per minute. ... 

60- 

50 

Main three-drum hoist: 

200 

200 

Volt 

440 

440.. 

Phase. - - 

3 

3 

Cycle 

60- 

60 

Swinger motor: 

' Horsepower 

76 - 

75 - 

Volt 

440 

440 

Propel motors (on 2 trucks) : 

Horsepower... .. 

15 - 

15 

Volt 

220/440 

220/440- 

Line pull, in pounds; 

For 2k} feet per minute 

24,000- 

24,000 

For 400 feet per minute. 

14,000-.- 

14,000- 

r ' ■ . ^ -IS 

50 

62 

. * cwt, in pounds. 

380,000-. 

435,000 

Cranes placed in service at Douglas Dam... 

Apr. 14, an(J May 
30, 1942. 

Nov. 23, 1942 


1 Dravo. 

Pickwick. 

41,930. 

115. 


11 . 

40. 

34. 

30. 


50. 

200 . 


60. 

50. 

440. 

10 . 

440. 

24.000. 

14.000. 

50. 

320.000. 

July 25, 1942. 


Cranes for placing concrete 

Four electric, 4:0-ton, full revolving gantry cranes were transferred 
from other TVA ]Dro]ects, 

The first crane was erected on a temporary track laid on the mixing 
plant site. A 1%-cubic-yard ISTortliwest crawler crane was used to 
erect the gantry base and frame. The rotating platform was placed 
by the hlorthwest crane and a 2-cubic-yard Lorain crawler crane 
working together. Each succeeding crane was erected by the 40-ton 
gantry cranes. 

The bridge circuit for operating the cranes consisted of three 4/0- 
E. C. 2,400-volt cables in a 3-inch galvanized iron conduit. Steel 
switch boxes with suspended platforms, under the bridge deck, were 
provided throughout the lengtli of the bridge, with access through 
manholes in the deck of the bridge. The switch boxes were located 
about 200 feet on centers, and each box contained three 2,400-volt 
fused cut-outs and three disconnecting switches. The portable power- 
cables of the cranes were, connected to the 2,400-volt 3-phase line 
through these switch boxes. 


Table 26. — Gantry crane operating costs 
[Tliree 40-ton cranes, 21,368 hours] 

Cost per hour 


Operating labor $6,152 

Power .1 . 542 

Miscellaneous supplies and expense : . 172 

Repairs , 821 

Erect and dismantle 2. 537 

Depreciation 1. 017 


Total cost 11.241 
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Chapter 5 

CONSTRUCTION 

The construction of Douglas Dam started February 2. 10-i2. Pro- 
duction of jiower for defense plants in the vicinity was scheduled by 
rVA to begin in March 1943, and to achieve this goal it was necessary 
to begin water storage during the winter of 1942-43. The construction 
of a dam and power plant of this size in 13 months' time, especially 
under the extremely difficult foundation conditions encountered, re- 
quired skillful planning, an experienced construction organization, 
and close coordination of all activities. To place the power unit in 
conimercial operation March 21, 1943, required thfe placing of 548,200 
cubic yards of concrete; 824,500 cubic yards of earth and rock fill, of 
which 708,200 cubic yards was placed in a dike and eight small saddle 
dams; and the excavation of 622,700 cubic yards of material, 54 per- 
cent of which was rock. In addition, the work involved the assembly 
and erection of a large construction plant, extensive cofferdam worlc, 
and major foundation treatment. 

CONSTRUCTION PERSONNEL 
Employment procedure 

The Tennessee Valley. Authority Act^ specifies that all appoint- 
ments shall be made on the basis of merit and efficiency without politi- 
cal test or consideration. In staffing the Douglas project, as in ail 
other TVA employment, the spirit and letter of this provision were 
observed. 

Trades and labor ‘personnel . — ^Practices in recruiting trades and 
labor personnel were focused on utilizing the services of employees 
who had gained experience and training on other projects of the TVA, 
p»articularly in the skilled groups. Wlien recruitment for Douglas 
was imder way the effects of the wartime labor market were increas- 
ingly being felt, and it was neces.sai’y to expand and intensify recruit- 
ment efforts. 

The necessity for an accelerated construction schedule required that 
a large number of workers be placed on the job immediately following 
the authorization of the project. An estimated 1,800 employees were 
working on the project 4 days after authorization by Congress. As 
of February 28, 1942, there were 2,599 employees on the pay roll ; 4,458 
by March 31, 1942; and 6,219 by June 30, 1942. Tlie speed and effi- 
ciency with which this project was completed indicate that TVA was 
successful in obtaining qualified personnel despite the difficulties of 
the labor market. 


1 See Sec. VI, Tennessee Valley Authority Act, Public, No. 17, 73d Cong., as amended by 
Public, No. 412, 74tli Cong. 
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The critical labor market required utilization of all available 
sources of manpower. Large numbers of semiskilled Negro employees 
helped to meet this situation; approximately two-thirds of the Negroes 
employed were in semiskilled or skilled categories. 

Professional^ administrative^ teehnieal^ and clerical personnel . — 
Personnel in the professional, administrative, technical, and clerical 
fields of work were appointed without regard to geographical resi- 
dence. A substantial number were transferred from the Cherokee 
and other TVA projects; others were selected from applications in 
the TVA’s files. Approximately 50 percent of all persons employed 
during construction of the project had had previous experience on 
TVA projects. All employees selected were required to pass a physical 
examination. 

Salary and wage schedule 

Before this px^oject was begun, the TVA had adopted its own salary 
schedule for non-trades-and -labor positions. Salary rates were gen- 
erally equivalent to the prevailing rates for comparable work in fed- 
eral service. Job supervisoi’s prepared descriptions of duties for 
annual-salaried positions, which were currently modified as jobs 
changed. Positions were classified on the basis of duties and responsi- 
bilities, following standai’ds prevailing throughout the TVA organiza- 
tion, with due regard to standards j)LBvailing in the federal service. 
In this manner comparable salaries were paid for comparable work. 
Wage rates for trades and labor occupations, both hourly and annual, 
were established annually in conference with recognized employee or- 
ganizations and were based on tile prevailing rate of wages for similar 
occupations in the vicinity, as stipulated in the statute creating the 
TVA. The hourly wage schedules in effect during the construction 
period are included in appendix B. 

Labor relations 

The employee relationship policy,^ adopted in August 1935, pro- 
vides for the orderly handling, through joint machinery, of matters 
of mutual interest to management and employees. The general agree- 
ment between TVA and the Tennessee Valley Trades and Labor 
Council ® signed in August 191:0 supplements the provisions of the 
employee relationship policy and provides for collective bargaining 
on all matters that affect trades and labor employees. 

The employee i^elationship policy provides that disputes between 
an employee and inanageineiit be handled by the employee or his 
x'epresentative through established supervisory channels. Failing 
Xxrompt and satisfactory adjustments, the employee or his representa- 
tive may appeal the dispute to the personnel organization for in- 
vestigation and adjustment. 

Under the terms of the general agreement, trades and labor em- 
ployees may, through their organizations, appeal from a decision of 
the personnel director to a joint board of adjustment, which in turn 
may refer the matter to an impartial referee. 

In accordance with an agreement reached between the TVA and 
the Temxessee Valley Trades and Labor Council to establish joint 


a Tennessee yalley Authority Technical Report No. 1, The Vorn-.s Project, 1939, appendix I. 
^Teane^ee Talley Authority Technical Report No. 6, The QMokamauga Project, 1942, 
appendix 1). ^ ^ , 
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cooperative labor-management committees on various projects, such 
a committee was established at Dougl.as Dam in January liiJJ and 
continued until completion of construction. Tliis committee pro- 
moted employee interest in the war significance of the project, war- 
bond purchases through pay-roll deductions, employee suggestions 
for increased efficiency, and in better job attendance. The personnel 
organization supervised the enforcement of labor provisions on work 
performed by contractors. 

Training and educational relations 

During the construction of Douglas Dam. most of the employees 
liyed in the nearby communities of Sevierville, Dandridge, Jefferson 
City, and Morristown. A trailer camp and dormitories were provided 
at the dam, but no family residences were erected. 

The only school children for whom the TVA was responsible were 
those from the trailer camp. The camp was located in Sevier County : 
but, since Dandridge, in Jefferson County, was more conveniently 
located and maintained fully as satisfactory a school program as other 
nearby communities, children from the camp were sent there under 
a contractual arrangement with the Jefferson County Board of Edu- 
cation, 

The relocation of schools and school bus routes in Jefferson Cbjunty 
was a particularly difficult problem. Upon request of the county and 
state officials, TVA assisted in school surveys and in the foriiiulation 
of future plans for the school program of the county. School j^rob- 
lems in Sevier and Cocke Counties were less serious, but some assistance 
was given in making necessary adjustments. 

Library service was arranged by contract with the Board of Library 
Trustees of Knoxville and the State Department of Education in co- 
operation with the locaMibraries of the affected counties. A camp 
library and a regional library service were established for employees 
at the project. This service included technical, recreational, and gen- 
eral eclucational books and periodicals. Considerable use was also 
made of 16-millimeter films, handled through the library, for educa- 
tional and recreational purposes. This program, together with similar 
ones at Watts Bar and Fort Loudoun i^rojects, was valued so highly 
by the state that the legislature appropriated $20,000 for continued 
operation of the regional library service. 

Becreation services in the Douglas area were centered in the com- 
munity building at the construction camp and were supervised by a 
recreation specialist. Indoor and outdoor sx)orts, games, and other 
entertainment were organized. The recreation supervisor also co- 
operated with surrounding communities in organizing recreational 
programs and assisted them with film services. 

Training classes for employees were conducted at the dam and in 
nearby urban centers. Special emphasis was placed on training in 
fields where recruitment was difficult. For example, training was 
provided for public safety officer-trainees, sergeant-trainees, and 
engineering survey parties. ^ ^ ^ "... 

Labor and management joined in conducting an apprentice-training 
program for selected young men capable of attaining the craft skill 
required for journeyman work. In addition, evening extension 
courses were conducted in industrial safety and hygiene, typing, short- 
hand, shop sketching and blueprint reading for macliinists, training 
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for Younteer firemen, and maintenance of air tools. Arrangements 
were also made for apprentice classes in nonteclinical subjects. A 
class in public speaking proved to be x^opular. 

Labor turn-over 

The higher labor turn-over at Douglas than at earlier TVA proj- 
ects reflected the unstable wartime labor market. A prominent factor 
causing both turn-over and absenteeism was the 7-day- workweek 
schedule, which caused cumulative fatigue and allowed no time for 
attending to personal business. Other factors were transportation 
difficulties, rapid induction of employees into the armed forces, compe- 
tition within the labor market, and the mobility of labor. Table 27 
gives the average monthly labor turn- over for work at the dam and 
for reservoir clearance. Figni-e 69 shows the number of employees 
ill each general classification by months. 
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Figure 69. — Monthly employment. 


Table 27. — Average monthly labor turnover ^ 


Item 


Disctiarged. 

Laid off 

Resigned.,, 
Other 


Average exits per month. 
Average number employed... _ 


J For the ■ ■ 
2 For a 20 ■ 

9 For a 12 ■ ■ 


Dam construction 2 

. J 

Reservoir clearance ® 

Number 

Percent 

Number 

Percent 


2.5 

17 

3.3 

97 

3.6 

1 

.2 

251 

9.4 

106 

20.2 

41 

1.5 

1 9 

1.6 

456 

17.0 

133 

25.3 

2,677 


524 






■ activity exceeded 400, 
943. 




CONSTRUCTION 


175 


Medical service 

The need for health and safety services was immediate upon, the 
start of construction February 2, 1942. 

The initial medical service at Douglas was a mobile lirHt-u i d unit. A 
juiiioi* medical aide was placed in charge, and patients needing a 
physician were transported by ambulance to the hospital at Cherokee 
Dam. ^ This type of service continued until early spring, 1942, when a 
first-aid station was constructed at the Doiiglas'project. Early in the 
summer, the hospital was completed; and personnel and eqiiix>ment 
were transferred from the Cherokee project. This hospital had 2d 
beds, 4 bassinets, operating and delivery room, nurses' supply room, 
examining room, X-ray and clinical laboratory J first-aid roonn 2 doc- 
tors’ offices, head nurse's office, clerical office, reception hall, kitchen, 
and staff dining room. 

During the peak of employment, the medical service staff consisted 
of health officer in charge, three associate niedicaV officers, a chief nurse, 
eight graduate nurses, an assistant clerk, two junior clerks, one cook, 
one junior cook, nine junior medical aides, and four orderlies. Service 
in the hospital was rendered on a 24-hoiir basis. The junior medical 
aides also gave 24-hour coverage T days per week in the two first-aid 
stations located on the job. 

Throughout the construction period, medical service for the reser- 
voir crews was given by the reservoir medical unit in Morristown. 
Tenn. Wlien major construction was completed, service to the re- 
maining reservoir crews was provided from the hospital at the dam. 
Personnel of the reservoir medical unit consisted of one associate 
medical officer, one assistant medical aide, two junior medical aides, 
and one junior clerk. 

The medical-care program for employees and noneinployees and 
their dependents living within the construction area was made avail- 
able in June 1942 on a voluntary participation fee basis and continued 
until the hospital was closed in December 1943. Services offered were 
those which could be rendered by well-trained general iDractitioiiers of 
medicine provided with usual medical equipment and facilities. 

After closure of the hospital, health and safety services were ren- 
dered by a doctor, a nurse, and a clerk with offices in the basement of 
the administration building until April 15, 1944, when all construction 
work had been completed. 

A tabulated summary of medical services rendered during the reser- 
voir and dam construction follows : 


Oiit-patient service: 

Examinations 24, 010 

Immunizations 8, 730 

Inspections for approval for duty 9, 072 

General medical services 35,221 

Surgical procedures 310 

Venereal disease treatments 4,090 

Hospital service : 

Surgical procedures ^SO 

General medical services 10, 723 

Hospital admissions 332 

Hospital days 1» 

Venereal disease treatments 1,206 

Spinal punctures 29 
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Laboratory service : 

Urinalysis 7, 997 

Examinations of bloocT 8, 635 

Examinations of smears 206 

X-rays 3, ^10' 

Home service : 

Professional visits 57 

Environmental sanitation 

Drinking water for employees working at the dam site was sup- 
plied from a nearhy spring protected against x^oHiition.^ The only 
treatment used for this w^ater was chlorination. A chlorine residual 
ranging from 0.3Q to 1,00 part per million was maintained. 

Drinking water for field forces was hauled in tank trucks. Since 
this water in some cases was obtained from questionable sources, a 
chlorine residual ranging from 0.3 to 0.5 part x)er million was main- 
tained at the barrels used by each crew in order to assure a safe water 
supply. Biweekly checks of the drinking water used by isolated 
crews showed that it was satisfactory. 

The sanitary sewerage system for the project, to which all sanitary 
fixtures w^ere connected, consisted of 6-inch mains for collection and 
a septic tank for treatment. With the ax)proval of the State Health 
Dex^artmeut of Tennessee, the effluent from this tank was discharged 
raw into the French Broad Biver. 

The TYA operated a large cafeteria in the construction area. 
Weekly inspections wTre made to determine the quality of the food 
and handling conditions. Bigid sanitary regulations were met satis- 
factorily. 

Safety service 

Construction of the Douglas project was set up on a schedule un- 
like any ever before undertaken in major dam construction. Yari- 
ous tyx^es of hazardous operations were involved, including unusually 
heavy excavation, extensive grouting, railroad and bridge construc- 
tion, earth-moving equipment operations, road work, steel erection, 
and continuous placement of concrete 24 hours x^er day for several 
months. The high rate of speed at which they were performed made 
these operations more hazardous, so that all foremen and emxoloyees 
were continuously urged to exercise every effort to prevent accidents. 

During the construction of the dam and x^owerhouse, 12,061,410 
man-hours were worked, with 157 disabling injuries. Four of these 
injuries were fatal, and 11 resulted in x^cimanent x>artial disability. 
A total loss of 34,649 man-days resulted from injuries ; and the cumu- 
lative frequency rate was 18.0 accidents per million man-hours worked, 
while the severity rate was 2.87 days lost per 1,000 man-hours worked. 

Because of the manpower shortage, the fast schedule of operations, 
and the high percentage of labor turn-over, the average x>hysical con- 
dition of employees was probably lower than usual on TYA x^rojects. 
The safety officer worked with the health officer and x^Brsonnel repre- 
sentatives in placing physically handicapped persons on jobs which 
they could perforin safely. All new emx^loyees were routed to the 
construction safety office, wdiere they were instructed in the safety 
program and in the use of safety equipment in various operations. 
Powdermen were given written tests on the use and handling of ex- 
plosives; and all powder foremen, powdermen, and powder helpers 
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were required to take a course in the safe use and handling of ex- 
plosives. 

Safety was promoted by means of bulletins, posters, and weekly 
and montlily safety meetings of employees in which management and 
supervisors participated. Accident prevention was studied, and a 
better understanding of cause and prevention was created. The cen- 
tral safety committee, headed by the project safety officer and com- 
posed of ioremen and members of the various crafts, helped to make 
the job safe by regular patrol and inspection of w^ork areas. 

Construction in the reservoir area began early in This work 

consisted of adjustments to bridges and buildings and relocating roads 
and railroads in the reservoir and about the dam site. In order to 
help meet the schedule, muck of the bridge work was done by con- 
tractors. The TVA construction forces relocated 9 miles of Southern 
Eailway lines and constructed T miles of access railroad. Approxi- 
mately 80 miles of highway was relocated and improved. During the 
3,613,013 man-hours of exposure amassed by the construction forces 
in the reservoir, 29 injuries resulted, 2 of which were fatal. The fre- 
quency and severity rates were 8.0 and 4.26, resx^ectively. The same 
type of safety program was effected for employees in reservoir work 
as for those at the dam. 

The cooperation of all organizational units in adhering to safety 
policies helped to make the safety program at the Douglas project 
an effective one. Table 28 lists the figures on chargeable injury ex- 
X)erience at this x^roject. 


Table 28 . — Chargeable injury experience in Douglas area 
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175 
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7,959 
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Dam construction 
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only 

12,061,410 

4 i 

11 

142 

157 

24,000 

4,400 

6,249 

34,649 

1 13.0 

2.S7 


1 Chargeable mjuries per mhlion man-hours of exposure. 

2 Days lost per thousand man-hours of exposure. 

3 Heavy construction started Feb. 2, 1942. 
i July 1 to Dec. 31, 1944. 

PROJECT AJND PROPERTY PROTECTION IN WARTIME 

Based on siu-veys by TVA, Federal Bureau of Investigation, Fed- 
eral Power Conunission, Army Internal Security Division, and Coast 



178 


THE DOUGLAS PROJECT 


Guard, a protective system was devised for Douglas by tbe TVA 
Public Safety Service and integrated with the protective system that 
embraced all TVA projects during the period of the national emer- 
gency caused by World War II. 

Organization of the Douglas unit of TYA’s uniformed protective 
force, the Public Safety Service, was begun February 1, 1942. Prom 
a nucleus of a chief, 1 sergeant, and 3 officers, the unit was expanded 
with increased construction activity and reached a peak in December 
1942 with a chief, a captain, 5 sergeants, and 34 officers. At the 
war’s end the unit had one lieutenant and nine officers. 

Prom the beginning the Douglas project was considered a “con- 
trolled construction area,” and the identification system of badges 
and passes in use at all TVA-controlled construction areas was in- 
stituted here. All employees working within the ^ controlled con- 
struction area were fingerprinted by the Public Safety Service and 
issued fingerprint identity cards. 

The controlled construction area was fenced, first with woven 
wire topped by strands of barbed wire, later with Cyclone-type fenc- 
ing. Warning signs and barriers were xfi^ced on roads leading to 
TVA x^roperties not within the controlled construction area. The 
Sevierville substation, supplying power to the construction project, 
was also fenced. 

Protection against unauthorized axoproaches by water was obtained 
by Coast Guard designation of restricted zones above and below the 
dam and inauguration of 24-lioiir, 7-day-a-week water patrol on the 
lake in July 1943. The Coast Guard and TVA personnel cooperated 
until withdrawal of the military organization in October 1944. 

Floodlighting was extensively used for protection. Such lights 
were generally directed outward from fences, gates, the substation, 
and switchyard, leaving the interior of the protected areas in shadow. 

Before water mains were laid, protection against fire was obtained 
by placing water barrels in fire-danger areas and equix3ping a half- 
ton truck wdth a booster tank, force x^ump, extinguishers, and other 
equipment. Later, a total of 31 hydrants was installed and supplied 
from two 50,000-gallon storage tanks. An ADT fire-alarm system 
was used, and automatic sprinkler systems were xfiaced in shops and 
the warehouse. iMn]j-o_v(-M:‘s were trained in fire prevention and 

suppression by the Sai'ei.^- Service fire fighter on duty. An 

agreement was made with the town of Sevierville for interchange 
of fireffighting equipment and personnel in emergencies. 

Duiing the first 16 months of the job no serious fire occurred. In 
this time only 29 of the 65 fires reported caused damage, and this 
totaled only $280. A fire caused by lightning later destroyed the 
water filter plant, with damage of $3,057.50; and fires to two trailers 
.in 1944 resulted in $1,603.08 damage. 

In addition to the ADT system for reporting fires, communications 
relating to protection were handled by telephones at stationary Pub- 
lic Safety Service l)osts, a recall light atop a water-storage tank, 
and a siren at Public Safety Service headquarters for fire and other 
emergency signals. 

Cooperation between TVA and other agencies, federal, state, and 
local, keynoted the protective service afforded Douglas, as well as all 
other TYA projects. The FBI, which had x^rimary authority before 
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the outbreak of Avar for preA^enting espionage and sabotage, delegated 
responsibility for initial and preliminaiT iii\"estigation and reporting 
to the Public^ Safety SerAUce. Arrangements AA^ere made by TVA for 
emergency aid, if needed, from the sheiaffs of four counties nearest 
the project, from the State HigliAYay Patrol, and from nearby local 
agencies. Later arrangements included the aATiilability of 'Cnited 
States xirmy detachments at Camp Forrest, Tenn.. and the State (luard. 
if required. All TVA officers were commissioned us deputy sheriffis 
in SeAuer County and i 2 iade niembers of the Army Auxiliary Military 
Police. In nearly all arrangements there Avas a kibstantial degree of 
reciprocity. Fortunately, no use of the emergency plan Avas required : 
and no known act of sabotage Avas committed at Douglas during 
the war. 

EMPLOYEE HOUSING 

Most of the construction emplo^^ees at Douglas Dam resided in 
established coininunities nearby; howeA^er, approximately TOO were 
housed at the site. TVA constructed a complete camp at tlie dam, 
with dormitories for single persons, then later established a trailer 
camj) for families. 

_ The main camp AA^as located on the to]^ of a broad hill at the north 
end of the concrete dam, about 1,000 feet from the bank of the French 
Broad PiA^er. On three sides the area AA'as stripped for construction 
purposes, but the camp was sheltered on the north by a heUA'y growth 
of timber. The buildings located at this site included a group of 
dormitories, a cafeteria and food store, a community building, and a 
Negro recreation building. Figure TO shoAvs the arrangement of these 
buildings. 

The main administration buildings were not located in the main 
camp group but at locations best suited to their use. They included a 



Figure 70 . — Douglas construction camp. 
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<‘oiuljiiuition personnel office and ii< ] »i ( al 1 uii id * r. ir, a small coininissary, 
the administration building*, a liivpro.ii' vaiili for the storage of 
records, and a t iiiie office. Several smaller movable buildings, mounted 
on skids, were also provitleil and were used for office space and labora- 
tory work by the field engineer, tlie electrical engineer, the materials 
engineer, tlie supervisor of foundation treatment, and the safety 
officer. 

C’onstrnction of the camp started February 8 and was essentially 
complete by May 11, 1042. 

Buildings 

All buildings were of frame construction designed for temporary use, 
although they met high standards for shelter aiid protection and with- 
stood normal wear and weathering for the construction period with a 
minimum of maintenance. In addition to those built new on the job, 
many of the Cherokee Dam buildings were dismantled, cut into panels, 
hanfed to Douglas, and reassembled- The two projects are 23 miles 
apart. 

^yorJk*mPH^^ dormi forks, — The workmen's dormitories were pat- 
terned after the dormitories first used at Guntersville Dam, which have 
since become standard with the TVA.^ The buildings were one-story 
U-shapeil structures that accommodated 60 men each. Sleeping 
(jiiarters w^ere in the wings of the U-sections, and the showers, toilets, 
and service rooms were in the connecting sections. Four of these 
dormitories for wiiite workmen tvere transferred from Cherokee to 
Douglas, wiiere the topography of the ground made it possible to add 
a Ija.senient structure to each wing. This basement provided 16 addi- 
tional two-man rooms in each dormitory, making a total of 92 accom- 
modations per building. A fifth dormitory for white wmrkmen was 
built new', and a basement structure containing 20 rooms was added so 
that a total of 100 accommodations were provided. The Xegro dormi- 
tory at Cherokee f consisting of only one wing) was transferred to 
Douglas, and the other wing was built. The completed camp provided 
dormitory housing for 468 wdiite w'orkmeii and 60 Negroes. However, 
additional space for Negroes w'as required : and four tents, housing 10 
men each, w ere erected near the dormitory. 

Wo7n€ti's donnifory, — A dormitory was built for women employees. 
It was a two-wing building, with kitchen and dining room between, 
and contained 26 completely furnished single rooms. 

Cafeteria , — The cafeteria building and equix^ment was moved from 
the Cherokee Dam construction cam].> and reassemble(l on tiew woocl 
foundations. iMoving started February 1, 1942, and meals were being 
served at Douglas by March 1, 1942. 

The original building w'as remodeled to add a food market to ac- 
commodate the trailer village and to enlarge the Negro dining room. 
The main dining room accommodated 128 persons, and the enlarged 
Negro dining room 50 xiersons. The kitchen contained electric stoves, 
roasters and ovens, a bake shox>, dishw'ashing eqiiixomeiit, and a large 
refrigerator. 

Corpmunhy hiulding, — ^Tlie camp manager's office and the recreation 
building at Cherokee Dam were moved to the Douglas site and com- 


*Tf‘iinessee Valley .iuthority Tethiiieal Report Xo, 4, r?ic Guntersville Proiect, 1941, 
p, 127. 



COXriTFiT'CTIOX iOX 

billed to form tlie community building-. Several additions were made 
so that the new building housed the ealup ofHce, post office, police office, 
a small commissary, a fire truck, lounge, toilets, barber shop, library, 
and reading room. The building was open at all times for project 
employees, and church services were held in the lounge on SuiidaTS. 

Jlospitcd ami 'personnel Ijxuhlhaj , — Kooms in the hospital section 
of the building included two three-bed wanls, two private rooms, doc- 
tor's quarters, surgery, sterilization room, general offi(*e, waiting room, 
iii*st aid room, two doctors' offi(*es, two exam ii rat irgi rooms, X-ray 
i*oom with an adjacent dark room, nurses- quarters, a kitchen witli an 
adjoining staff dining room, and a number of rest rooms, (dosets, and 
storage rooms. One end of the main section was extended for a 
maternity ward and delivery room. 

In the section occupied by the personnel staff were four interviewers 
offices, a general office, a waiting room, two classrooms separated by 
a sliding partition, rest rooms, and storage closets. 

Administration huild.lng administration building was T5 by 
36 feet and contained a basement and two floors. The second floor was 
divided into sx)ace for the project accountant, cost engineer, book- 
keepers, report engineer, and flies. On the first floor were the offices 
of the project manager^ construction superintendent, assistant coii- 
structioii superintendent, construction engineer, assistant construction 
engineer, office engineer, and the drafting and stenographic rooms. 
The basement of the building housed the office supplies, mail room, 
central files, blueprint equipment, telephone switchboard, showers, and 
offices for the geologist and foundation engineer. 

Family housing 

Because of the short period of construction and tlie location of 
Knoxville and several smaller towns within driving distance, the 
construction of family housing for workmen was not undertaken. 
However, a trailer camp was provided, which w*as located a high 
ridge about one-fourth mile west of the main camp. Ninety-two 
trailers were oj^erated by the TYA, of tvhic-h T3 were owned by TYA 







Figure 71.- 
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Figure 73, — Village street and house trailers. 


and W were leased from the Fana Security Adniinistration. Space 
was available for parking privately owned trailers. Coinmuiiity 
laundry, bath, and toilet trailers were provided as well as utility and 
sanitary connections. 

Utilities 

Roadn , — All camp roads and parking areas were graded and sur- 
faced with eriisbe<l rock, and the road leading to the administration 
building from the north access road was given a seal coat of asphalt 
and tine rock. 

Wafvt \ — Fresh water for ail activities was obtained from a spring 
located about 1 mile north of the dam and near the comity road leading 
to Dandridge, Tenn. A permanent building was constructed to house 
the pumps and chlorinating e<|uipnient, from which the water was 
pumped to a otujno-gallon steel storage tank located on top of the hill 
ill the construction camp. The water distribution s^^stem was fed by 
gravity from the storage tank. The water supply was tested periodi- 
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cuIIy as required by law. and tlie standards for driiikiiig* water as 
adopted by the United States Treasury Department and the Tennessee 
Depart rneiit of Public Piealtli were maintained. 

Fotrer , — Electric service was siq)j)lied by a -iwOU-volt distribution 
system which coniiecte<i with the mai!i j(»b suijstation located near the 
dam. The construction camp was virtually “all ele<‘tric,'' and the dis- 
tribut ion system was designed to meet all requi remenrs. Tlie building.- 
were electrically heated, ami all ccjoking in the cafeteria was: d<me by 
electricity, 

Tih'phone . — Teleplnme service \yas }irovi<led from a switchboard in 
the administration building. During the construction peak tiiree two- 
way trunk lines, leaseil from the Scaithern Bell Telepiione Telegraph 
Co., connected directly with the TVA swirchhoanl in Knoxville. In 
addition, two two-way trunk lines were connect e<! with the county 
service and one two-way trunk line was connected to Sevierville. Tenn. 

S(>trers . — The .sewerage system serving the main camp, trailer camp, 
hospital, and adinini.^tration building emptieil intf> a o,>>nt)-gallon con- 
crete septic tank, the outfall passing througli the coii^trnvt'um plaiit 
yard and emptying into the river. The location and elevation of the 
time office necessitated separate sanitary sewer facilities, Avliich w^ere 
obtained l)y the construction of a small reinforced-concrete septic tank 
of hOt)-galioii cat)acity. 

PROCUREMEINT AND INSPECTION OF CONSTRUCTION 
MATERIALS AND EQUIPMENT 

PROCUREMENT 

This project was strictly a war emergency: and procurement pro- 
cedure, especially for powerhouse ami distribution eipiipment, was 
adapted to such requirements. Because of the necessity for completing 
Douglas Dam in the shortest time consistent with structural require- 
ments, the project clo.sely paralleled Cherokee Dam in design and equip- 
ment. This duplication made it possible to save many months on pro- 
curement. Congressional permission wuis again given TVA to waive 
the advertising requirements of section 1) (b) of the TVA Act and 
section of the Revised Statutes. 

The War Production Board granted TVA a preference rating of 
A-l-c on the darn, reservoir, powerhouse, and installation of the gen- 
erating units and accessories, but this rating \yas inadequate and was 
raised to AA~4 July 28, 1042. Transmission-line towers for construc- 
tion power were given a rating of A-l-a, On January 11. 194a, a 
blanket rating order was issued by WPB which gave an'AA-3 rating 
in lieu of the AA-4. Many special applications were filed for higher 
ratings. At times the priority problem was acute, particiilarlv on 
equipment repair parts, and a* special rating was secured for them. 
In approving the project, WPB specified the installation of one gen- 
erating unit and turbine with accessories originally purchased for 
Cherokee Dam. The second unit was x^iirchased from the same con- 
tractor. 

In a number of cases competitive bidding was omitted, and some 
of the major items were contracted for on a negotiated basis. The 
contractors involved were those who had furnished or were furnishing 
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-iliiilar items for Cherokee Dam. On most items si^ecifications -were 
kept tlie same as for Cherokee. This duplication expedited the com- 
pletion of Douglas project. In addition, there was an actual monetary 
saving inasmuch as the cost of such items probably would have been 
liigher unde> competitive bidding. 

Procurement for the Douglas project was in competition with some 
of the mo.st important war requirements. This necessitated constant 
expediting, many appeals to IVPB for allocations of strategic mate- 
rials, and very close attention to details generally. Eesults obtained 
are reflected m the completion of the project in record time. 

Many purchases were made, as previously, by direct contact with 
local ami adjacent vendors, by memorandiim orders, by unpriced 
orders, against requirement contracts, under contracts placed by other 
governmental agencies, and by letter requests. It was essential to 
utilize fully all available facilities to meet job requirements. 

The procurement program necessitated the purchase of approxi- 
mately $1G,(J00,000 of equipmentj materials, supplies, and services for 
the dam, reservoir, powerhouse, transmission lines, switchyard, and 
other features of the project. Practically all the construction work 
was done by force account. Contracts were let for concrete aggre- 
gate, relocatiun of highways, access roads, railroad access spurs, and 
other related activities. Cement was secured by making amendments 
to the long-term contracts made in 11)35. Appendix E gives a list 
of the major purchases of materials and equipment. 

INSPECTION AND TESTING 

Organization 

The inspection and testing service which the TVA established in 
the early years of its existence furnished regular inspection and test- 
ing for the equipment and materials used on this project. This serv- 
ice functioned in much the same manner as similar organizations in 
private and municipal practice. Two units performed this work, one 
for the inspection and laboratory testing of construction materials 
and one for the inspection of metals and equipment at point of 
jnanufactnre. 

Materials testing laboratories were maintained in Knoxville, to 
wliich samples of cement, concrete aggregate, reinforcing steel, metals 
of many kinds, paint, bitumen, and other construction materials were 
regularly sent. Cement inspectors ancl samplers were stationed at 
all mills furnishing cement for the projects, and they were charged 
with the responsibility of shipping only such cement as had been 
te.sted and approved in the Knoxville laboratories. Samples of })igh- 
way and railroad construction materials, such as concrete aggregate 
and bituminous material, were tested either at the point of origin 
or at the Knoxwille laboratories. 

For the inspection of fabricated steel and equipment, district offices 
were e.stablis]ied in four .'enters, Pittsburgh, Phila- 
delphia, Cliicago, and B';- ' l's : \ which inspectors covered 

various mills and shops furnisiiing materials, equipment, and parts 
purchased by the TV A. This service also included periodic reporting 
of progress on contracts and shipments and information when ship- 
ments were made* 
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These inspectors, at jmhit of luanufuctiire. \vit!iesse<l te>ts of mate- 
rials and when necessary sent samples to the Knoxville liihoi'atories. 
for check tests cn* more eoniplete ]>hysicul and ciiemi«*ai analyses* 
When possible, the inspector obtained copies of n^ports niude by the 
producer and by private testiim laboratories in addition to those made 
bytheTYA* 

If the contracts of the TYA recpiired shop as.-mnbiy of erpiipnieiit 
the inspector checked such assemlly and made certain lhat pans were 
properly inatcli-inarked and that dnlwil^u’^ were prepared for use in 
tield erection. Some standard materials and minor piuvlaises were 
inspected hy project engineers after delivery. 

Specification and inspection procedure 

Specifications were prepared by the division originating the pur- 
chase request, and the requisition was classitie<l as ‘dnspectiun by 
inspection division’' or “inspection at destination.” This statement 
was then incorporated in the award of a contract, and where inspec- 
tion was to be made at the source the contractor was: usually instructed 
to confer with the head of the inspection and testing W(jrk on matters 
relating to inspection. 

Immediately following the award, detailed instructions were mailed 
to the contractor stating what materials or equipment were subject 
to shop inspection; and instructions were issued to the contract (jr 
for furnishing tlie TYA with copies of orders to subcontractors and 
tilso for notifying the TYA when an inspector would be needed. From 
copies of orders for materials made by the contractor TYA deter- 
mined whether inspection would be conducted at the plants of the 
subcontractors or after arrival at the plant of the main contractor. 

During progress of the work the inspectors furnished periodic re- 
]jorts showing the quality of the materials, workmanship, and data 
from which a semimontldy status sheet was issued from the central 
office at Knoxville showing the contract delivery dates and the in- 
spectors estimate of the actual delivery date. When each important 
contract assigned for inspection was completed, a final report was 
issued showing that materials or equipment satisfied the specifications 
under which they were purchased. 

CONSTRUCTION ACTIVITIES 
ORGANIZATION 

As shown by the organization chart (fig. TI), the project manager 
coordinated, directed, and supervised the engineering, coinstruetion, 
and accounting organizations at the dam site, acting through the 
construction engineer, the construction superintendent, and tlie'‘i)roj- 
ect accountant, respectively. In addition, he was responsible for 
coordination oi the reservoir work, which included clearing, road 
relocation and construction, utility relocations, and backwater pro- 
tection. 

Engineering organization 

Engineering at the project was coordinated and siq>ervised by the 
construction engineer and the assistant eonstriietion engineei', wffio 
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were lusnisted by office, field, aiiuterials, and electrical engineers and 
tbeir stafi's. 

The office engineering section pre[)are(l estimates, comi^uted prog- 
ress and final quantities, prepared final record drawings, made con- 
struction schedules, and designed forms and special equipment, meth- 
ods, and structures recjiuired for the construction of the dam. 

The field engineering section performed all surveying and layout 
for all parts of the dain construction and inspected the installation 
of structural, inechanical, and architectural features, including ac- 
ceptance tests on permanent equipment. In addition, this section 
directed the foundation exploration and treatment work and the 
rolled earth fill operations. During peak construction seven three- 
and four-man field parties were required. Because of the magnitude 
and importance of the foundation treatment, the entire operation, 
which included the engineering, planning, and iiisiDection of the 
■work, as well as the direction of the construction drill crews, was 
directed by a civil engineer reijorting to the field engineer. 



Figure 74 , — Organization chart. 


The design of concrete mixes, the inspection of concrete mixing and 
placing, and the testing of concrete aggregate and other materials 
were handled by the materials engineering section in connection with 
the operation of tlie concrete laboratory. 

The electrical engineer inspected the installation of conduit, power 
and control wiring, switchyard equipment and powerhouse electrical 
equipment, and conducted final acceptance tests. 

Engineering studies 

Because of the rajiid construction schedule, a continuous program 
of studies and planning was maintained. Major construction opera- 
tions were studied m order to find faster, more efiicient and economical 
methods; some of these methods involved the handling of various 
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heavy pieces of equipment, such as penstocks, sluice gates, powerhouse 
crane, spillway gates, turbines, and generators. The river-control 
system was planned carefully to meet construction demands, paxticu- 
larly methods of stage diversion and closure operations. The sched- 
uling and methods for placing concrete required many studies to meet 
the construction schedule. 

Engineering control layout 

The primary horizontal control system for tlie dam included the 
axis, or base line, permanently established by two monimients on tbe 
line on each side of the river, and additional x^arallel refei*ence lines 
400 and 800 feet uxxstreain and 400 feet dowiisti'eam from the base line. 
The pinmary grid was monunxented and tied to and coordinated with 
the control survey of the surrounding region, the Tennessee State 
system of rectangular coordinates. Bench marks were established at 
strategic points. 

The secondary or construction grid system was laid out from the 
Xxrimai^y control grid. The main grid on the secondary system con- 
sisted of target range lines normal to the base line of the dam and 
intersecting it 1 foot north of the center line of each block and on tbe 
center line of the jxenstocks and generating units, intersected by target 
ranges xoarallel to the base line. For the dam, a line was placed 14 feet 
downstream from the base line; for the powei'house, a range was 
Xxlaced 30 feet downstream from the center line of the unit ; and a range 
was placed 31:2.4 feet downstream from the base line to tie in tlie lower 
end of the sxxillway api^on. 

To set working jpoints for the erection of concrete forms and other 
construction features, transit lines were established by “bucking in’' 
on the target lines, first on the line parallel to and next on the line 
normal to the base line. These X)oints were marked with brass tacks 
in lead plugs set in the concrete. Elevations were carried from 
bench, marks embedded in the lower pours. 

Permanent brass monuments were set at several xxoints in the top 
of the dam, on which precise alinement points anci elevations were 
established. Permanent bronze bench marks were also set at the 
headwater and tailwater gage wells. 

RIVER DIVERSION 

The construction of Douglas Dam was accomplished by making three 
river diversions: the first through a channel excavated along the high 
rock bluff of the south bank, the second through blocks 22 and 23 left 
low at elevation 878, and the third through the eight permanent sluices 
ill the spillway section of the dam. 

Cofferdams were of log crib construction and required 714,066 linear 
feet of log timber. Of this total, 193,884 linear feet was obtained from 
the TYA’s reservoir clearance operations and the balance was jim’- 
ehased from outside sources. 

Stage 1 

The diversion channel excavated along the high rock bluff of the 
south hank (fig. 75) permitted tlie construction of a log-crib cofferdam 
enclosing the greater xiortion of the concrete dam from the north 
abutment to and including block 24. This cofferdam was designed to 
protect the working area against a flow of 60,000 cubic feet per 
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second, or a flood frequency of once in 7% years during the crop 
season. 

The original plan for construction of the stage 1 cofferdam was to 
build the river arm of the cofferdam while excavation for the diver- 
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Figure 76.-Construatio7i of temporary upstream and downstream dikes and river 
arm for stage 1 cofferdam. 

in progress, and when these two operations were near 
mpletion, upstream and downstream temporary dikes were to be 

to oe erected in the dry. However, because of adverse weather condi- 
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tions, the restricted working space, and the large amount of rock 
excavation required in the diversion channel, a modification of the 
original plan was made to prevent delay within the stage 1 construc- 
tion area. 

The revised plan extended the temporary upstream and downstream 
dikes to approximately the middle of the river (fig. 76) , where they 
were connected by a temporary dike parallel to the river. The 
enclosure thus formed unwatered the powerhouse area and permitted 
foundation excavation and erection of the construction trestle and 
log-crib cofferdam. When the diversion channel was completed, the 
upstream and downstream dikes were extended toward the south bank, 
and the upstream and downstream cofferdam arms were extended and 
tied to the river arm already completed. 

Dihes . — The first dikes constructed were two on the left bank of the 
river for enclosing the upstream and downstream elbows of the first- 
stage cofferdam river arm. The second dike operation was the system 
enclosing the intake and i)owerhouse area to permit foundation excava- 
tion jorior to the first-stage river diversion. Temporary dikes were 
composed of rock and clay with the outside slopes of the upstream and 
river arms covered with a protective blanket of quarry-rnn rock. 

Gofferdam , — ^The stage 1 cofferdam was constructed as shown in 
figure 45. In the upstream arm at that section of the river cliamiel 
where existing bedrock was below elevation 864, the design required 
that the crib width be increased from 42 to 46 feet, and 20 cribs of the 
46 -foot width were built. Small cribs, 16 feet wide, tied the cofferdam 
into the north river bank. The average height of the upstream arm 
was about 40 feet; the river arm, about 3B feet; and the downstream 
arm, about 26 feet. 

Sheathing was placed on both faces of the clay chamber and on the 
outside waterway face. The sheathing was placed after the rock fill 
was completed to prevent buckling that would have occurred as a* result 
of crib settlement while being filled with rock. Two flooding sluice- 
ways were built in the downstream arm, and the arm Tvas tied to the 
north bank with a rolled chiy-fllled dike. Two cribs were temporarily 
omitted from the upstream arm to provide a passage for hauling exca- 
vated material to the upstream waste dump. This ga^D was bridged 
to permit passage of trucks and mobile equipment across the top of the 
cofferdam cribs. 

Crib logs were trimmed at the ends to secure flat bearing surfaces at 
the corners. Holes were drilled through the logs with air-operated 
drills, and %-inch-round drift pins 18 inches long were driven into 
these holes with an air-operated hammer equipped with a driving 
head. A stiffleg derrick made of 4-incli pipe and operated with an 
air_ hoist was used to handle and place the logs in position. At the 
section of the cofferdam located in the river channel, some difficulty 
was encountered in fitting the base logs to the bedrock, and where 
necessary a 1- by 2-foot concrete seal was placed at the bottom of the 
outer face of the clay chamber. 

Diversion channel , — The clear opening of the channel between the 
cofferdam river arm and excavated face of the rock bluff Avas an average 
of 114 feet in width. Excavation in the channel extended from ap- 
proximately 25 feet upstream from the base line to the downstream 
end of the 'spillway apron. The south two-thirds of the channel was 
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excavated to approximate final grade, but tire area under block 25 
and half of block 26 was not excavated to insure the stability of the 
cofferdam river arm. However, in block 25 excavation for the con- 
struction trestle footings was carried to sound rock; and to i:)rotect 
the crib cofferdam at this point, special timber cribs were constructed 
and backtilled with rock after the toAver eolmnns wei'e poured. 

The upstream entrance and dowmstreain discharge sections of the 
diversion channel were excaA^atecI to a 500-foot radius. Barriers of 
earth about 25 feet wide Avere left at the inlet and discharge ends of 
the channel until excavation in the channel and trestle towers 1 and 
2 Avas completed. These barriers Avere then removed by blasting. 
Excavation for the diversion channel and the riA^er arm of the coffer- 
dam was begun February 8, 1942, and the diversion Avas made May 
5, 1942. 

Cofferdamniaintemnce , — The temporary dike system Avas completed 
May T, 1942, and the river bottom AAnis exposed May 10. As excava- 
tion Avithin the |)OAverhonse area progressed considerable difficulty 
vras encountered with leakage through solution channels in the rock 



Figure 77 . — Excaimting in spillivay area, looking east. 


under the dikes, and pumping facilities in addition to those used for 
uuAvatering were required. Asphalt grouting Avas used to check the 
worst leakage and earth blankets Avere placed, extending approxi- 
mately 500 feet both upstream and doAvnstream from the dikes, in 
an attempt to reduce AAmter percolation and leakage into the Avorking 
area. 

For a considerable period, 30 pumps discharging over 100,000 gal- 
lons per minute Avere in constant operation to keep the cofferdam area 
deAvatered sufficiently to permit excavation. Pumping stations Avere 
constructed at temporary sumps exeaAUited at various points inside 
the cofferdam. HeaA^y timber shelters Avere erected around the pumps 
to preA’ent damage from, blasting, and the Avater was discharged into 
timber fimnes located on the outside of both the upstream and down- 
streain sides of the cofferdam. These flumes carried the Avater to 
the diversion channel. Figure T9 shows the pumping stations along 
the upstream arm of the cofferdam. 
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Figure 78. — Excavation progress within cofferdam, looking upstream from main office 
% on right bank, showing mixer plant silo at left. 



Figure 79, — Pumping stations along upstream arm of cofferdam. 


Grouting of tlie stage-1 cofferdam developed into a major operation; 
and despite the extensive grouting program, water inflow continued 
during the entire period of cofferdam use. Large quantities of asphalt, 
cement, clay, and some sawdust were used with moderate success; and 
grouting was continuous from April 20, 1942, to November 10, 1942. 

Stage 2 

The stage-2 cofferdam permitted the uiiwatering of the area occupied 
by spillway blocks 25, 26, 27, and 28, originally the location of the 
stage-1 diversion channel. The varying heights of the cofferdam and 
features of the stage-2 river diversion were based on hydraulic studies 
with an assumed river discharge of 30,000 cubic feet per second, or 
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a flood probability of once in 31/2 years for the month of January. 
Xlici river Avas diverted tliroiigh blocks 22 and 23 left low at elevation 
STS and supplemented by the permanent sluices in blocks 18, 19, 20, 
and 21. 

Dilces . — temporary dike across tlie stage 1 diversion channel was 
built approximately 300 feet upstream from the dam, and the river 
was diverted tlirougli the low blocks December 13, 1942. This dike 
was constructed during a river discharge of about 8,000^ cubic feet 
per second, and large-size rock was required to hold the dike against 
this flow. Old steel girders were placed across the channel to help 
hold the rock in place. Before closing the dike, the upstream and 
downstream arms of stage 1 cofferdam were removed ; and diver- 
sion channel was dug through the earth blankets used for sealing the 
stage 1 cofferdam. A dilce barrier across the downstream channel 
was opened by blasting prior to closing the newly constructed up- 
stream dike. 'Diversion was made December 13, 1942. 

Immediately following river diversion a dike was built from the 
downstream cofferdam river arm across the stage 1 diversion channel 
to the south bank of the river, which conipletecl the enclosure of the 
stage 2 area. Unwatering began December 15, 1942, and the river 
bed was exposed December 17, 1942. 

Cofferdam . — Construction of the river arm for the stage 2 cofferdam 
began as soon as concreting had progressed sufficiently in spillway 
block 24. The log cribs for the river arm were built in two sections. 
The downstream section extended from the spillway face of block 24 
to a point about 260 feet downstream, where it was tied into the river 
arm of stage 1 cofferdam. The upstream section extended from a 
wing wall on the upstream face of block 24 to a junction with the up- 
stream arm of stage 1 cofferdam. 

The elbow sections of the stage 1 river arms where they joined the 
ends of stage 2 river arm were incorporated as part of* the stage 2 
cofferdam. The upstream arm of stage 2 cofferdam consisted of 
two parallel rock-filled chambers with a clay embankment on the 
upstream side for a water seal. No downstream arm was contrncted, 
but the downstream dike was raised to secure ample protection. Crib 
design for the stage 2 cofferdam was similar to that in stage 1, having 
outside rock-filled chambers and a central clay-filled chamber differ- 
ing only in dimensions and arrangements. 

Beyond the limit of the spillway apron there were several large 
cavities in the bedrock on which the downstream river arm was to 
rest. These cavities were fillecl with concrete both for support and for 
reduction of leakage. At the junction of the rivei^ arm with the stage 
1 river arm a single rock-filled crib in stage 1 was cleaned out, sheathed, 
and backfilled with clay to obtain a continuous clay core. In that 
portion of the river arm resting on the spillway apron a hand-formed 
concrete seal was placed along the base of the clay compartment on 
the water side, and wood-plate water breaks were placed around the 
logs crossing the clay chamber. 

The fiist opeiation in the upstream section of the river arm was the 
preparation of the foundation. A large cavity in the rock was 
cleaned out and filled with concrete. The space between the upstream 
face of block 24 and the excavated rock face was also filled with con- 
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Crete to tlie level of the original river bedrock. The tie to the up- 
stream arm of the stage 1 cofferdam v/as effected in the same manner 
as that at the downstream section. The tie at the concrete dam was 
made by extending the end wall of the sluice trashrack a distance of 
26 feet upstream from the face of block 24 and raising its height 
to elevation 906. The cribs ended a distance of 23 feet from the face 
of block 24 and were attached to the wall with timber posts and bolts. 
This was done to permit installation of the trashrack in the sluice 
opening of block 24. 

Coffevdam mamtenance . — There was considerable leakage through 
the upstream dike; and to reduce water interference to a minimum, a 
second clay dike was constructed approximately 100 feet upstream 
from the log-crib structure. The enclosure thus formed confined water 
flowing in through the dike to an area outside the construction opera- 
tions. Three pumping stations were established: one in the upstream 
confined pool, one at tower 2 of the construction bridge, and one at 
the downstream dike. With these provisions little di&ulty because 
of the pressure of water was experienced, and grouting was confined to 
localized leaks ; large-scale grouting was unnecessary. 

Auxiliary cofferdam bulkhead 

An auxiliary cofferdam bulkhead consisting of reinforced^ concrete 
Xoiers, poured as part of blocks 25, 26, and 2Y, and provided with timber 
stop logs, was coiivStructed along the upstream face of the dam. Its 
purpose was to give additional jorotectioii against floods and to pei-mit 
early removal of the nx3stream arm of the stage 2 cofferdam. This 
bulkhead is shown in figure 80. The upstream section of blocks 25, 26, 
and 27 were poured to elevation 872.4, forming a base for the xiiers 
which \yere j)oured in two lifts: the first to elevation 884, and the 
second to top elevation 906. 



Figure 80. — Loohing upstream at bulkhead of the second-stage cofferdam. 
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To complete the piers quickly, forms were built at the carpenter 
shop with the required steel reinforcement installed and held rigidly 
in position over wires and bolts. By the use of this method, construc- 
tion of the 10 piers was completed in -f days. The timber stop-log bulk- 
heads were installed January 24, 1943, which completed the auxiliary 
cofferdam and jpermittGcl removal of the upstream arm of the stage 2 
cofferdam. The pumping station in the upstream confined pool was 
removed February 4, 1948. The timber stop logs in the auxiliary 
cofferdam bulkhead covering the sluice in blocks 25, 26, and 27 were 
removed February 9, 1948. 

Final closure 

Final closure wms made by cutting off the river flow through blocks 
22 and 23 and concreting these blocks (fig. 81) to complete the dam. 
The final river diversion was effected February 14, 1943, through the 
eight permanent sluices in the spillway section. The closure across 
blocks 22 and 28 was accomplished by placing concrete gate bulkheads 
along the iq^stream face of the dam. 



Ficxjre 81 . — Final closure — placing concrete in block 22. 


X)eOT£)'n..—Tli6 capacity of tlie eight sluices is 12,000 cubic feet per 
second at elevation 896, the headwater elevation used for the closure 
design. Additional designs were prepared for making the closure at 
15,000 cubic feet per second if necessary. The conci*ete gates were 
lowered into slots provided by vertical steel cantilever beams previous- 
ly grouted into pockets embedded in the concrete block. Design of the 
beams permitted a maximum stress with headwater at elevation 891 5 
- to a floiv of 9,600 cubic feet per second. To close agaiuk 
• ' ' ■■ '■ -eet per second, the Tertical beams were braced with pipe 

struts; and by taking advantage of the reservoir storage, there was 
tuim to place these struts before the pool reached elevation 891.5. 

vmien the closure was completed, the vertical steel beams were ex- 
tended to elevation 903 and timber stop logs were placed on top of 


CONSTRUCTION 195 

the concrete gates for the T^foot extension. The added height provided 
protection against 15,000 cubic feet per second. 

llie concrete bulkliead gates ivere sealed witli cinders, and a sandbag 
dike placed a few feet downstream from the closure bulkhead con- 
fined the small amount of leakage for pumping. The surface of the 
old concrete was thoroughly cleaned and scari&d before placing the 
forms. On February 18, the upper timber stop logs were removed, and 
the permanent sluices were closed the next day for reservoir storage. 
This date was 1 year and ID days after construction was started on 
February 2, 1942. 

Cofferdam grouting 

The grouting program for sealing leaks under the cofferdam struc- 
ture was carried on concurrently with the dam construction. As 
excavation deepened, the increased hydraulic head caused more leak- 
age. Grouting for the first-stage coffeklam was in progress from April 
1942 to October 1942— nearly its entire period of use. Complete sealing 
of the honeycombed rock was never attained, and continuous large- 
scale pumping supplemented the grouting. 

Grout materials . — Asphalt proved the most effective material for 
sealing the larger solution cavities and seams. A large quantity of 
cement-clay grout was also used in volumetric proportion of one part 
cement to tliree parts clay. Sawdust, in varying proportions, was fre- 
quently added to the cement-clay mixture; and calcium chloride in 
amount of 3 percent by weight of cement was added to practically all 
cement-clay grout mixtures to accelerate setting time, l^^eat cement 
grout with water-cement ratios from 2.0 to 0.6 was occasionally used 
for small leaks. 

Procedure, — Asphalt was heated in portable kettles and pumped into 
3-iiich diamond drill holes through a 2-inch pipe fed with air-driven 
pumps. Two types of pumps were used, one a rotary and the other 
a piston with iron ball valves. The latter type proved the most satis- 
factory. Standard grout packers were not used for asphalt grouting, 
as they could not be recovered. A substitute packer, made by wrap- 
ping a short length of 2-inch pipe with burlap to form a snug fit in 
the hole casing, was adopted. Ceinent-clay grout was placed with 
standard cement grouting equipment, and holes 'were grouted pro- 
gressively from bottom to top. The maximum pressure was 35 pounds 
per square inch for the lower levels, with pressures reduced to as little 
as 5 pounds per square inch in special cases nearer the surface. 

Grouting 'pattern . — The general pattern of grouting was a line of 
8-inch holes located along the central clay chamber of the cofferdam. 
The initial spacing of these holes was 20 feet on centers, and they were 
drilled 20 feet into rock. Following the grouting of these holes, the 
spacing was reduced, and hole depths were increased to reach a zone 
relatively free from cavities. Some holes were drilled 60 feet into 
rock, and the final spacing of some was progressively reduced to 2.5 
feet. In addition to this line of holes, numerous holes were drilled 
inside and outside of the cofferdam where fluorescein-dye tests and 
geological information indicated their advisability. 
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The following quantities of grout material w^ei'e placed for coffer- 
dam sealing : 


Item 

Stage i 

Stage 2 

DTillmg; Bortz diamond (Mnch) 

34,445.6 linear feet J 

2,376.2 linear feet, 

2,800 cubic feet. 

510 cubic feet. 

1,640 cubic feel. 

Grout materials: 

Asphalt and pitch ... 

181,150 cubic feet 

Cement,.- 

54,625 cubic feet 

Clay 

100,684 cubic feet 

Sawdust- 

22,920 cubic feet 

Calcium chloride 

95,i50(5 cubic fecL 




Cofferdam flooding 

During the month of December 1942, excessive rainfall occurred 
in the drainage basin of the French Broad River. As a result, a 
flood crest of 71,o00 cubic feet per second was obtained at the dam 
site December 30, 1942. Between December 29, 1942, and January 2, 
1943, the stage 2 cofferdam was flooded ; but delay and damage be- 
cause of high water was almost entirely confined to the second-stage 
construction area. 

Temporary timber bulkheads were placed in front of the intake 
openings of penstocks 1, 2, and 3, and these bulkheads were braced 
with a steel beam on the downstream face designed for a possible 
headwater elevation of 920 feet. A timber bulkhead was also placed 
in the exposed opening of the sluice gate operating gallery at the 
south face of block 21, and the tops of the sluice air intake pipes were 
capped to prevent water from being forced up these pipes from 
below. 

Ill the powerhouse the draft tubes were filled to the top of the 
temporary overflow pipes, which reduced the pressure on the draft 
tube gates. A gasoline-operated pump was placed in the unit 2 draft 
tabe.to provide pumping facilities in the event of power failure. 
These precautions proved adequate and no flooding of the powerhouse 
occurred. 

Both the upstream and downstream dikes, together with the partly 
completed iipstream arm of the stage 2 cofferdam, were swept away 
by the floodwatei's._ The downstream river arm held firm, althougli 
a consKlerable portion of the clay in the central chamber was washed 

on An. 1, 1943, against a river flow of 

30,000 cubic feet per second; and work was resumed with the un- 
watenng of the cofferdam January 11, 1943. 

t iiRfi care of water is given in 
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Table 29. — Timber crib cofferdams — summary of costs for diversion and care of water 


Area enclosed, square feet 

Rock fill, cubic yards, 

Olay fill, cubic yards 

Rock fill (dike), cubic yards. 
Earth fill (dike), cubic yards . 

Logs, linear feet 

Lumber, board feet 

Maintenance, days 


Earth dike erection 

Earth dike removal 

Timber crib: 

Timber erection 

Place fill... 

Crib and fill removal 
Sluiceway protection.. 

Grouting 

Maintenance 

Flood costs 

Total cost 


Stage 1 
cofferdam 

Stage 2 
cofferdam 

280, 960 
47, 829 
(0 

56, 336 
(0 

115, 332 
873, 530 
224 

88,000 

(U 

(9 

29, 526 
54, 660 
57 

$240, 274 
178, 901 


544, 351 
114, 070 
52, 568 

$111, 450 

24, 251 
21, 338 

25, 281 
56, 547 

122, 844 
69, 302 

532, 241 
771, 277 
30. 549 

. 1 2, 464, 231 

431. 013 


1 Spoil material used. 


FOUNDATION EXPLORATION 

Geology 

The foundation rock at tlie site of the concrete dam is composed 
of dolomitic limestone of the Knox formation, which extends south- 
ward along the reseryoir rim for a distance of 1,500 feet. At this 
point a relatively narrow band of limestone of the Lenoir formation 
begins and continues to a contact with the Athens shale on the 
south. The contact between the Lenoir limestone and the Athens 
shale is under the north end of saddle dam No. 1. The foundation 
for the remaining saddle dams is shale. 

At the dam site the bedding of the dolomitic limestone dips to the 
south at an angle of approximately 20°. The strike of the rock is 
almost parallel to the flow of the river, which makes the base line 
of the dam almost normal to the stinke of the rock. 

Exploratory drilling 

Preliminary studies for the location of Douglas Dam were con- 
ducted intermittently between 1937 and 1942. These included geo- 
logic examinations of the site and mapping of the regional structure 
and stratigraphy. 

The site chosen was at mile 32.3 above the mouth of the French 
Broad Kiver. In 1939, auger borings were made^ to determine the 
extent of the overburden and ground-water conditions; and in 1941, 
core drilling was started. 

The exploratory drilling completed prior to the start of construc- 
tion gave a general picture of the foundation, including the approxi- 
mate elevation of sound unweatliered rock. It also indicated that in 
the river" bed deep solution and weathering caused the formation of 
an extensive honeycomb of cavities and fissures, which apparently 
had not developed into any regular system of cavitation. 

The preliminary exploratory drilling at the dam site in 1941 con- 
sisted of B%-inch diamond core drill holes on three parallel ranges 

794091 — 49 14 
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spaced 100 feet apart approximately parallel to the base line of the 
dam. Holes were drilled on these ranges at 100-foot intervals, except 
at the south abutment where a few holes were drilled at 50-foot 
intervals. The holes penetrated from 100 to 250 feet into bedrock. 
Drilling was discontinued November 22, 1941, and was resumed Janu- 
ary 17, 1942, two weeks prior to the start of actual construction 
operations February 2, 1942. 

In addition to the preliminary drilling, considerable diamond drill- 
ing was done during actual construction operations to develop ac- 
curate geologic sections. These sections were used to determine the 
final excavation grades and for planning the general program of 
foundation treatment. A number of 42-inch shot drill holes were 
drilled to check questionable areas by visual insx^ection, locating tbein 
so that they would be used in the adopted plan for treatment. 

Foundation conditions 

In the Knox dolomite formation the thick beds are susceptible to 
solution by the action of ground water, resulting in the formation, 
in the upper GO feet, of exteirsive cavities and fissures; those parallel 
to the strike were especially developed. This condition was general 
over the entire dam site. Underlying the weathered rock was solid 
unweathered dolomite, which formed the actual foundation of the 
concrete dam. Figure 82 shows a profile of the concrete dam and 
abutments and indicates tlie weathered condition of the rock. 

NOfiTH ABUTMENT ^^UTH ABUTMENT 



grpuf curtain 

Figure S2.— Profile of excavation. 

North abutment . — ^Tlie natural slope of the north river bank at the 
dam site was nearly parallel to the dip of the foundation rock. 
Weathering in the upper strata of bedrock was fairly uniform and 
averaged from 8 to 10 feet in depth over most of the area. xV thin, 
continuous bed of insoluble clierty shale was found approximately 40 
feet below the surface of the imweatherecl rock ; and above the shale 
bed there was an extensive partly clay filled cavity. The location 
of the cavity is shown in figure 88, with the outline of the base of 
the dam superimposed upon it. Figure 84 shows details of the cavity. 

It was intercepted by several strike joint cavities running normal 
to the axis of the dam, which formed enlargements in the main cave, 
making the maximum height of the cave approximately 5% feet. 
About 40 feet of sound rock existed above the roof of the cavity after 
the excavation for the dam had been carried to final grades, the 
removal of which was not considered necessary or desirable. 

Powerhouse^ intahe^ and spillway . — Under the x>owerhouse, intake, 
and spillway sections the hoiieycoiiibed condition increased in depth 
toward the south bank of the river. The greatest depth was reached 



CON'STRlfCTlON' 


199 


under the spilhvay, where sound unweathered rock was about 60 feet 
deep at elevation 810. From this point southward to the end of the 
spillway the elevation of sound foundation rook w-as higher, and the 
south end of the spillway was defined by an almost vertical rock bluff 
extending to elevation 022. 


Oufffne of cavity - 


Coner&te 

bsckfiff^ 


■ Timber 
bu!h.head‘~ 


! i 



' 42"C3lyK 
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Bagged concrete bulkhead^^^^ OuHtne of 
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Figure 83 . — Plan of north abutment cavity. 


cone ifALL 


|-s 

NON OVERFLOW 


Limil of excavation 


4c Calyx drill holes 


-Original ground surf a 

Original rock surface 


Deck fl 1009.0 






Bottom of consoHdalion grcxjring 


ELEVATION 






m 







200 


THE DOUGLAS PROJECT 


South abutment — the south abutment prominent deeply 
weathered strike joint solution channels extended through the founda- 
tion normal to the dam; and, in addition, there were less pronounced 
bedding cavities. Terrace clay and gravel were present in the cavities. 
A solid bedding plane of dolomite sloped from elevation 922 at the 
south end of the spillway to elevation 875 near the south end of the 
concrete dam. 

A large bedding cavity, starting under the end of the south non- 
overflow section of the concrete dam, extended southward for about 
700 feet into the rim. The cave was partially filled, and at some points 
tightly filled with clay, sand, and terrace gravel, with the terrace 
gravel normally in lenses. The elevation of the cave varied from 963 
at the entrance to 790 at the sound end. At the entrance and for about 
100 feet the average height of the cave was approximately 3 feet, 
enlarging to 25 feet in height for a distance of 50 feet. For the next 
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Figure 85 . — Details of south abutment cavity.. 


250 feet the cavity averaged 7 feet in height and then abruptly nar- 
rowed to approximately 6 inches. The entrance of the cavity was 
pposed during excavation in the south abutment. A number of 42- 
inch. shot drill holes drilled through it from the natural ground surface 
indicated that very little weathering or solution existed above or below 
the cavity. Figure 85 shows the details of the bedding cavity and the 
location of the large shot drill holes. 

Reservoir rim amd saddle dams . — ^Except for the one cave at the 
end of the concrete dam, there was very little evidence of solution and 
weathering in the rocks of the south rim. The unweathered shale was 
not absolutely impervious as core drilling encountered streams of 
water at relatively low regions. The shales were somewhat calcareous 
and contained a few iiiterbedded layers of shaly limestone. 
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EXCAVATION 

Work started February 2, 1942, in the north, abutment, and a few 
days later removal of the alluvial hood plain along the south bank of 
the river was started. This area was used as a diversion channel dur- 
ing the first-stage operations. Most of the excavation had been 
completed by September 1942. 

The powerhouse section and a major portion of the spillway section 
were located in the river bed, and excavation here was dependent on 
the construction of the first-stage cofferdam and diversion of the river 
flow. To avoid delay, a temporary earth dike was constructed around 
the intake and powerhouse section, permitting work to proceed before 
the cofferdam was completed. River diversion was effected May o, 
1942, and excavation operations were then extended to include the first 
eight blocks of the spillway. The work within the cofferdam area 
IDrogressed from north to south, and as fast as final grades or sound 
rock had been established the concrete footings for the construction 
trestle were poured. 

Earth exoaration , — Overburden in the north abutment area and in 
the river bed was very thin. The flood plains along both banks of the 
river and the overburden in the south abutment contained nearly all 
the 172,300 cubic yards of earth that was removed. A maximum cut of 
50 feet was necessary to expose weathered rock in the south abutment. 

The material from the north abutment and river bed sections was 
used for fills in the construction yard, temporary dikes, and cofferdam 
crib filling. From the south abutment it was wasted upstream and 
later used for backfilling around the concrete dam. Under the earth 
saddle dams the earth excavation consisted only of stripping the vege- 
table humus from the surface, except for saddle dam No. 1 where a 
shallow cut-off trench was excavated. 

All material was removed with power shovels and hauled to points 
of use or waste disposal by trucks and tractor-drawn dump wagons. 

Rock excavation , — The rock was drilled and blasted in successive 
10-foot depths until sound unweathered rock was reached, and the 
excavated material was hauled to points of use or waste disposal. To 
prevent shattering of the foundation rock, blasting was stopped from 
1 to ^ feet above final excavation grades; and final preparation for 
concreting was performed principally with hand labor by breaking 
away all loose or questionable rock with paving breakers, sledges, 
wedges, and crowbars. A total of 332,800 cubic yards of rock was 
removed. 

The depth of rock excavation varied considerably in different sec- 
tions of the dam and greatly influenced the scheduling and progress 
of construction operations. Under the north nonovernow section of 
the dam the top weathering was fairly uniform and about 8 feet deep. 
As this area was independent of river control operations, it was com- 
pleted to allow concreting by May 31, 1942. 

The depth of excavation varied from approximately 20 feet under 
the major portion of the intake to 35 feet near the spillway and under 
the powerhouse, although deeper excavation was necessary for the 
draft tubes. In the tailrace the depth of rock excavation was limited 
by the bottom slope of 7 to 1, which extended downstream and upward 
from the floor of the dyjvft tube discharge openings to the natural 
river bed. 
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Eock excavation in the intake and powerhouse area was constricted 
until the river arm of the temporary dike was removed shortly after 
the first-stage river diversion. As the depth of excavation increasedj 
water inflow through the many solution channels in the rock imcler- 
iieatli the colferdam made excavation difficult. Control of the inflow 
by means of cofferdam grouting, constant pumping, and the use of 
several small sandbag dikes was reasonably effective and helped pre- 
vent the leakage ill the intake and powerhouse area from developing 
into the serious problem that it later became in the excavation for the 
sipilhvay area. 

Seven and one-half bays of the spillway section were enclosed within 
the first -stage cofferdam. Weathered rock extended over 40 feet deep 
in the major portion of this area, reaching an extreme depth of 60 
feet at one point. This depth of excavation, combined with the large 
volume of water inflow through the innumerable solution channels 
under the cofferdam, made all excavation operations extremely hazard- 
ous and difficult. 

Excavation for the spillway proceeded in essentially the same man- 
ner as in the intake section. At the uxistream limits of excavation 
where the depth was generally greatest it was often necessary for the 
power shovels and hauling equipment to operate in water 2 feet or more 
in depth. Figure 86 shows the working conditions witliin the coffer- 
dam area. Final hand excavation and clean-iii^ j^rior to placing con- 
crete were completed in the dry by enclosing individual small areas 
with temporary timber bulkheads and sandbag dikes, as shown in 
figup 87. The construction of, the concreting trestle towers in this 
section was delayed until sound foundation rock was exposed, which 
in turn prevented spreading out concreting operations. 

The remaining three and one-half bays of the spillway section were 
located within the second-stage cofferdam. The rock in this area was 
much better, and the depth of excavation averaged about 12 feet. The 
south end of the spillway was against a nearly vertical rock face blasted 
from the high rock bluff fonning the left bank of the river. 
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Figure 87 . — Preparing block for concreting. 


All the earth excavation and a large part of the rock excavation was 
completed during the construction of the first-stage diversion chaniiel. 
During this time the rock face of the bluff was drilled and blasted from 
the top down to the river bed, and a portion of the diversion channel 
was excavated to approximate final grades. Tlie rock adjacent to 
the first-stage cofferdam arm was not disturbed, to prevent possible 
sliding of the rock. 

Following the construction and miwatering of the second-stage cof- 
ferdam, the remainder of the. rock in this section of the spillway was 
removed. As there was practically no leakage, rapid progress was 
made and the excavation was completed in less than 8 weeks. 

Eock removal in the south abutment area was independent of river 
control and was done concurrently with the excavation under other 
parts of the dam. Over most of the area the depth of excavation was 
ap]proximately 50 feet, but it increased at the south end to -70 feet. It 
was carried to the solicl bedding plane of dolomite previously described. 
Two strike joint solution channels were cleaned out by hand labor to 
elevation 833 and 863, respectively, and then filled with concrete. 

Cavity excavation . — ^The cavity underlying the north abutment (fig. 
83) covered a large portion of the area under the north end of the dam. 
It was cleaned out and backfilled with concrete before placing concrete 
above it. 

A number of 42-inch shot drill holes w^ere drilled from the rock 
surface to the roof of the cave on approximately 25-foot centers through 
which the hand-excavated muck was removed wuth air hoists. There 
W’-as plenty of working room except near the south end where the height 
abruptly decreased to about 6 inches, necessitating enlargement of the 
cavity by light blasting. 

Under the north end of the core ^vall extensive Aveathering of the 
rock existed above the roof of the cavity. It .was necessary to excavate 
by open cut methods until the core wall could be extended to the floor 
of the cavity. A profile through the cavity is shown in figure 85. 
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Cleaning of the cavity under the south end of tlie dam was done 
concurrently with excavation in the south abutment area. The cavity 
was almost entirely filled with clay, which was removed by hand labor 
and hauled to the portal on a small car pulled by an air-operated 
winch over temporary tracks. At the south end of the cavity, where 
operation of the cable car to the portal was not feasible, the excavated 
material was brought to the surface in buckets through the 42-inch- 
diameter shot drill holes. At several points where the cavity nar- 
rowed sharply a small amount of rock was blasted out to provide ade- 
quate working room. As excavation progressed the roof was shored 
with 12- by 12-inch timbers. During the mining operations no diffi- 
culty was- experienced with ground water above river level at elevation 
873. Below this elevation periodic pumping was necessary. 

To prevent leakage through the reservoir rim, a concrete cut-off 
Avail or plug was designed and placed in the cavity as a water stop. 
The details of the bedding cavity are shown in figure 84. 

FOUNDATION TREATMENT 

The character of the foundation rock under the concrete dam and 
powerhouse presaged an extensive program of consolidation and cur- 
tain grouting to be closely coordinated with the other construction 
activities so that little or no delay would result. Between March 1942 
and September 1943 a total of 317,436 cubic feet of cement and clay 
was injected into 168,866 linear feet of drill holes. 

G onsolidation grouting . — ^Under the concrete dam and powerhouse, 
the foundation treatment included the consolidation of the foundation 
rock to a depth of 40 feet to prevent settlement. This was effected by 
drilling and grouting holes in stages with first-stage holes on 20-foot 
centers in rows parallel and perpendicular to the base line of the dam. 
Second-stage holes were drilled midway between the first-stage holes, 
Avith third-stage holes midway between second-stage holes. The drill- 
ing and grouting of one stage was completed before the next stage 
was started. The strict theoretical pattern of holes was varied Avhere 
necessary to form a more economical grouting pattern in a iDarticular 
area where numerous surface joint cracks appeared. 

In general, wagon drills were used for drilling; but in some cases 
where the depth .of hole exceeded 40 feet diamond core drills were used 
because of their greater economy. Practically all the holes Avere A^er- 
tical, although in some places where known faulted solution channels 
existed some angle drilling was done to obtain the most effective 
coverage. 

The drill holes and the seams intercepted by them were washed with 
air and water under pressure through nipples grouted into the holes 
at the rock surface. No attempt was made to wash or grout individual 
seams by the zone method with j)ackers. Each hole, however, was 
water tested to determine the proper consistency of neat cement grout 
with which to start the grouting treatment. 

Tinder the north nonoA"exffiow section the consolidation holes were 
drilled tlirough the concrete backfilled cave, and special care.was taken 
to secure a tight seal between the concrete and the roof of the cavity. 

To prevent the grout from trav'eling up and down stream into areas 
where it was not needed, the limit of the dam foundation was out- 
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with 40--foot-deep drill holes on 5-foot centers and grouted with 
a thick cement grout poured into the top of the holes. 

A maximum pressure of 40 pounds per square inch, measured at 
the surface of the hole, was used for the consolidation grouting. In 
general, most of the grouting was completed prior to the placing of 
concrete in the base pours of the dain ; but in some instances, to qireYent 
delay of concreting operations, the pipe nipples were extended through 
the concrete and grouting was done between pours. Neat cement grout 
was used throughout, with the consistency varying from O.G to 2.0 
parts of water to 1 part of Portland cement. 

Uplift gages for measuring any deformation of the foundation rock 
while consolidation grouting was in progress were installed as needed. 
These gages consisted of a rigid bar grouted in a hole about 10 feet 
deeper than the grout holes in the surrounding area. The rod extended 
approximately 6 inches above the foundation surface and terminated 
under a U-shaped bar or bridge which had its legs set firmly in the 
foundation rock. Any rock movement could then be measured in the 
gap between the end of the rod and the bridge. 

cAirtain grouting, — To obtain a cnt-ofi in the founda- 
tion underneath the dam, a grout curtain was injected in a line just 
doAvnstream from and parallel to the upstream face of the dam. The 
holes, about 50 feet deep, were drilled with wagon and diamond 
drills ; and the work was done in conjunction -with the consolidation 
grouting. 

The drilling and grouting were done in stages, with the first-stage 
holes on 24-foot centers. Additional stages depended on the grout 
consumption in preceding stages. At no point was the final spacing 
less than 12 feet; and at one point five stages were necessary, Avith 
a resulting spacing of 1.5 feet. Maximum grouting pressure was 40 
pounds per square inch, measured at the top of the hole. 

High-pressure curtain grouting , — To determine the depth of the 
high-pressure grout curtain, a number of deep test holes were drilled, 
water tested, and grouted. These tests indicated the necessity of a 
curtain with a maximum depth of 200 feet to cut off a number of small 
water-bearing seams encountered from 100 to 200 feet below the 
surface of the foundation. 

The high-pressure curtain followed the line of the low-pressure 
grout curtain, and again the drilling and grouting were done in stages. 
The first-stage holes were placed on 18-foot centers; and successive 
stages reduced the hole spacing to a maximum of 9 feet and a minimum 
of 1.4 feet, depending on the grout consumption of preceding stages. 
The depth of drilling was decreased where the grout consumption of 
previously drilled holes indicated satisfactory grouting at lower levels, 
but the minimum depth of holes was maintained at 100 feet. All 
drilling was done with diamond-core drills. ' 

A minimum of 30 feet of concrete was placed on the foundation 
rock befoi'e any high-xiressure grouting was done. Since most of the 
drilling and grouting was done from the lower drainage gallery in 
the dam after a gi^eat deal of the concrete had been placed, additional 
protection was afforded against uplift when using the higher grouting 
pressures. The maximum grouting pressure used was 200 pounds per 
square inch, measured at the top of the hole. The grouting pressure 
in all cases was in excess of the hydrostatic pressure caused by the 
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reservoir head and less than the pressure of the overlying rock and 
concrete on the seam being grouted. Neat cement grout was used 
for all grouting and Avas proportioned volmnetrically, with the mix 
A^arying from 0.6 to 5.0 parts of water to 1 part portland cement. 

The zone method of grouting Avas used, the JoAvest seam in each 
hole being AA’ashed and grouted first. The packers Avere then raised, 
and after the grout had hardened the oi:>eration AA^as repeated Avith 
each seam until all had been grouted. 

Reservoir rim treatmient . — To prevent percolation and possible leak- 
age through the narroAV i)ortions of the reservoir rims adjacent to the 
dam, the grout curtain Avas extended into the rim from both the north 
and south ends of the concrete dam. On both the north and south rims 
the drilling and grouting Avere done in stages, with the first-stage holes 
on 100-foot centers and folloAved by as many stages as Avere necessary 
to check any area of high grout consumption. All the holes Avere 
drilled with diamond drills to elevation 860 or slightly lower than the 
elevation of the original riA^er bed. No seam Avashing aauis attempted. 

On the south rim the grout curtain extended for a distance of 700 
feet from the south end of the clam. Extensive Avork was done here 
to check and tighten completely the area adjacent to the clam. This 
work also completely sealed the cave, AAdiich had been mined out and 
backfilled Avith a concrete phig. Five stages of groiitiiig Avere required, 
resulting in a final hole spacing of 6.25 feet. Neat cement grout was 
used, A^irying from 0.6 to 2.0 parts of water to 1 part of portland 
cement by volume Avith 3 percent calcium chloride by Aveight of cement 
added to accelerate the setting time. 

A check along the remainder of the south rim indicated that grout- 
ing Avas necessary only at saddle dam No. 1, Avhere a grout curtaiii was 
provided for the complete length and considerable grout was injected, 
particularly at the contact betAveeii the Lenior limestone and the 
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Athens shale. The grout consumption was confined chiefly to the 
Lfenoir limestone since relatively few seams were found in the Athens 
shale. 




STAGES OF GROUTING 

Figure 90 . — Grout consumption rate — north rim. 


The north reservoir rim adjacent to the north end of the concrete 
dam possessed some natural protection against seepage in the form 
of a flatly sloping earth blanket, but the great number of well-defined 
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dip cavities lying along the line of the grout curtaiii predicted a 
heavy grout consumption. It was neither necessary nor feasible to 
mine out and backfill these cavities with concrete, and in the interest 
of economy a low cost cement-clay grout mixture -vvas tried in the ])ro- 
portioii of 1 part of cement to 4% parts of clay and G parts of water 
by volume. The slurry was piim 2 )ed into the drill holes at low pres- 
sure, and large quantities were consumed. The maximum consump- 
tion per hole was 20,905 cubic feet, even though the ]n’essnres used were 
only slightly above gravity; and the consumption was limited to 500 
cubic feet before suspending grouting and {illowiug the mixture to 
harden for a period of S days. The clay mixture wa,s found to he 
spreading a great deal farther than was necessary for (he formation 
of a grout curtain, and accordingly the cemenlxhiy mixture was 
abandoned in favor of neat cement grout with calcium chloride added. 
In the north rim six successive stages of grouting wau'c rcMjniretl, which 
reduced the final hole spacing to 3.12 feet. Drilling and grouting 
quantities for the entire foundation-preparation program ar(‘. given 
in table 30. 


Table 30. — Foundation prepuraiion quantiliea 


Item 

Wagon 

drill 

liok.s 

Diamoiul 

drill 

holes 

C(‘Tn(Oit 

grout 

fVnnnil 
anti clay 

Concrete dam: 

Consolidation 

Linear feet 
fit, 7(10 

f An ear feet 

Cuhic feet 
88, Him 

(Mliicfe.et 

Low-pressure curtain - 

H, KiO , 


0, 702 


High-pressure curtain 

Reservoir rims: 

South - - 


80,88(1 

i2,riio 

51,840 

87, 718 


Saddle dam No. 1 - 

North rim 


11,481 

15,758 

88, 050 

" ipirhao 

Total- 

50,8(10 

100, Odt) 

171,517 

145, Oil) 


1 Pari of this was neat cement, part cernont-olay groxit. 


DRAINAGE 

A system of foundation drains was installed imder (.lu‘. conc.rete 
dam to relieve any nxDlift pressure on the si-ructure resulting from 
water, under reservoir j^ressure, seeping tlrrough the grout- curia in. 
The relief system consisted of holes drilled from 10 to -lO reel, into 
the foundation rock under the dam and provided wii.li suilable col- 
lectors and outlets. 

The main part of the system consists of a continuous line of 
inch holes on 8-foot centers drilled 40 feet into the fomKlatlon roi^lc 
23% feet downstream from the base line througlioul. (he eu(ir(‘. length 
of the concrete structures. Twenty-foiir-inch half-round corrugated 
steel pipes in 22-foot sections, each covering 3 drill holes, W(U‘(^ in- 
stalled along the line to act as collectors. The holes were drilled 
from the inspection gallery after all grouting had been completed, 
some through 4dnch pipe sleeves set in the (aiiicrete and ollun^s 
through the concrete between the foundation vock and the gallery 
floor. The major portion of the holes were drilled directly from the 
floor of the drainage gallery without using pipes for a core barrel. 
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Another line oi drill holes was placed 132.5 feet downstream from 
the base line through the spillway and intake sections of the struc- 
ture. They were spaced (i to 11 feet on centers and were drilled by 
31/^-inch diamond core drills approximately 20 feet into foundation 
2 ‘ock. Eighteen-inch half-round vitrified clay pipe was used to collect 
the water fi'oni these holes. Eight-inch-diameter luser pipes were 
installed to discharge at tlie sides of the spillway sluices, and 12dnch 
cast-iron risers were installed at the ends of the collectors to discharge 
at the spillway face. Under the spillway apron relief holes were 
drilled to a depth of 10 feet in rock. They were spaced on 12- foot 
centers in a regular pattern along lines normal and parallel to the 
base line. ^ A special drain outlet was provided at the top of each 
Iiole, consisting of a vertical 3-iiich pipe with a coupling and plug 
placed flush with the concrete and a iy 2 -hich pipe connected to it at 
45°, thus foiuning a Y, with the U^-inch branch turned downstream 
ami ground off flush with the concrete and left open for relief. The 
major ])orti()ii of the holes in the apron were drilled through this 
drain outlet into foundation rock. 

The floors of the draft tubes were relieved of uplift pressure through 
holes drilled into the foundation rock and extended through the 
coiicu'cte floor by 4-inch cast-iron riser pipes. 

EARTH EMBANKMENTS 

The reservoir riiu extending southward from the end of the con- 
crete dam included 10 low saddles. To impound the reservoir with 
Slid able ])r()tectioii, saddle dams were recpiired at eight of these 
points. The largest of these was saddle dam No. 1, located nearest 
tlie concrete dam. The others were relatively minor, and at two 
sites the water Avill i)r<)bal)ly never reach the dams excei^t in case 
of a severe ilood and liigh wave action. 

The saildic dams were constructed entirely of rolled earth obtained 
from borrow pits located as near as possible to each site. The amount 
of fill phu‘ed in saddle dam No. 1 was 473,924 cubic yaixls. The second 
largest was No. 3), wliich. contained 33,107 cubic yards; and the small- 
est. dam was No. 4, wliidi contained 439 cubic yards. The total 
amount of rolled fill placed in the eight saddle dams was 531,800 cubic 
yards. 

0()mfrm)tlon onMlioch , — Two methods of earth moving were used. 
Witli a iKMirly level bori'ow pit and a long downgrade haul, elevating 
gi'aders and 'fa.st moving Euclid bottom-dump trucks (fig. 91) were 
especially suited for hauling earth to saddle dam No, 1. For the 
otlier dains where the borrow pits were sloiniig, ih.c length of haul 
short, and the quantity relatively small, tlc' J'.c'h.urueau selfdoading 
carry-all scrai)ers wei‘e used. The scrapers also stripped the vegeta- 
ti()n*f rom the dam sites and the borrow pits. 

A LeTourneaix rooter pulled by a Caterpillar D~8 tractor plowed 
the borrow pit area for the elevating graders (fig. 92) . Road graders 
terraced the hillside to facilitate kadiiig on level areas and main- 
tained the hauling roads. This permitted loading operations to be 
carried on at high speed and with little equipment trouble. 
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Table 31. — Embankments — Rolled earth-fill cost 


Gust per cuhic yard, 

[531,tSOO cubic yards] saddle dams 

Prepare borrow pits $0-058 

Load and haul : 

Labor . 014 

Equiimieiit operation__ . 266 

Miseellaueons expensel . 002 

Spread and compact : 

Labor . 033 

Equipment operation ,069 

Miscellaneous expense . 012 

Construction serrlces and facilities * 056 


'Total cost, rolled fill . 510 


After the earth bad been dumped it was compacted with tandem 
tractor- drawn sheepsfoot rollers, so loaded as to give a pressure of 
280 to 300 pounds per square inch of foot area. Bulldozer attach- 
ments on the tractors spread the windrows of material to a depth of 
6 to 8 incJies just ahead of the rollers (fig. 93). Ten passes of the 



Figure 9L~Rolling operations. 


two rollers usually gave the required compaction. A disk harrow 
attached to the rear sheepsfoot roller (fig. 94) scarified the surface 
after each pass. ti“ii' rvrvo''t’'‘" 2 ‘ ^he formation of smooth planes and 
voids. Hand-»pc! :iL-*- i ::ii r '■ ■ tampers were used to secure com- 
paction in places where the operation of the sheepsfoot rollers was 
not practicable. Rolled earth fill costs are given in table 31. 

Dramage . — Saddle dams Nos. 1 and 3 were provided with, 3-foot- 
thick crushed rock and sand drain blankets under the downstream 
thircl of the base areas. Eight-inch concrete drain laterals were 
embedded in the drain blankets with their outlets in a 12-inch con- 
crete-pipe toe. drain laid with open joints in a sand bed along the 
toe trench (see fig. 95) . ^ ^ ^ 

The area downstream from saddle dam No. l required special drain- 
age treatment. Before construction of the sacldle dam the natural 
drainage was eastward to the French Broad Riwer. After the dam 
had been built the eastward flow of this drainage was obstructed ; and 
it was necessary to carrv the drainage westward by collection ditches 
(fig. 96) and a 48-inch-oliameter pipe, 1,^60 feet long, and discharge 
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Figure 95. — Toe drain for saddle dams. 



Figure 97. — Riprap on upstream slopes of saddle dams. 
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it into the river below the dam. The pipe was placed in a 194:-foot 
tunnel under church property to avoid an open cut through a cemetery. 

Slope proteotion . — ^The iipstreani slopes of the saddle dams were 
built on a 4.5 on 1 slope up to elevation 1000 and a 2.5 oli 1 slope from 
elevation 1000 to the top. A 1-foot-thick blanket of crushed stone 
was placed on the rolled earth fill, and this was followed with a 3-foot- 
thick layer of riprap (fig.*9T) quarried about 500 feet upstream from 



the south end of the concrete dam and hauled to the site in dump 
trucks. A total of 44,843 cubic yards of rock riprap was placed on 
all the saddle dams. 

The downstream slopes were covered with topsoil, liberally 
sprinkled with fertilizer, and sprigged with Bermuda grass. 

CONCRETING 

Concrete placing operations started May 31, 1942, only 4 months 
after the start of construction. The total mount of concrete placed 

794091—49 15 
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in tlie permanent structures at Douglas Dam was 518,200 cubic yards, 
99 percent o£ wliicli was placed by August 1943. Concrete placing 
was on a fast schedule; and peak production was obtained during 
November 1942, when 103,998 cubic yards was placed. The concrete 
placed during the fii'St 6 months amounted to 71 percent of the total. 
Maximum plant capacity could not be maintained because of the diffi- 
cult excavation which retarded the preparation of foundations and 
the extension of the’construction trestle. 

Materials 

Cement . — A modified type B 23ortIand cement was used for most 
of the concrete although, because of War Production Board limita- 
tions, the mills were unable to supply enough type B and it was neces- 
sary to use small quantities of types 1 and 2. The type 1 corresponds 
to standard portland cement, and the type 2 is very similar to the 
type B. 



Figure 99 . — Aggregate quarry. 


■^grgregates.^Smiohlei rock for both coarse and fine aggregate was 
found in a high rock bluff located on the north side of the river 
approximately 2,000 feet downstream from the dam. The rock was 
dolomite of the Knox formation and was identical to that used for 
concrete aggregate for the construction of Norris Dam. The land 
including the quarry site was purchased by TVA, and a contract was 
awarded the Birmingham Slag Co. for furnishing apiDroxiinately 
700,000 tons of crushed stone and 300,000 tons of manufactured sand. 

In addition to furnishing aggregate for concrete, the contractor fur- 
nished about 24,000 cubic yards of crushed rock for the cushion under 
the riprap on the embankments. Figure 99 shows the aggregate 
quarry. 

Design of concrete mixes 

Maximum water-cement ratios of 0.55 and 0.75 by weight were 
chosen respectively for the exposed and unexposed concrete while a 
ratio of 0.50 was used for grout. In some cases, however, field con- 
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ditions required a cliange in the water-cement ratio. The cement con- 
tent was determined by the workability of the mix and the water- 
cement ratio. 

Mixes were designed using four sizes of aggregate ranging from the 
6-inch cobble to that retained on a ¥ 0 . 4 screen; material passing the 
No. 4 screen was designated as sand. To fit all conditions, mixes were 
designed with maximum sizes of aggregate cd 6, 3, and 1% inches and 
% inch. ^ Placing conditions, such as the size of the form, spacing of 
reinforcing, method of placing and Yibrating, and the design specifi- 
cations for strength and durability, determined the selection of the 
proper mix. Gravel-sand ratios, determined by trial, varied from 2.7 
for the 6-inch mixes to 1.8 for the 1%-hich mixes. The “straight line” 
method was used to determine the gradation of the ^ aggregates, al- 
though considerable adjustment was required in combining the various 
sizes during the mixing operation to take care of the variation in the 
aggregate, especially that caused by the excess of “fines” and undersize 
material. 



Figure lOQ.— Mixing plant. 


All the concrete in the permanent structures was divided into two 
general types or classifications: exposed or face concrete, and unex- 
posed or interior mass coilcrete. Six basic mixes were designed to 
fit these types of concrete. For concrete having a maximum-size ag- 
gregate of 6 inches, a minimum cement content per cubic yard of 0.85 
barrel of cement for interior mass concrete and 1.15 barrels of cement 
for exterior face concrete was selected. In general, with these cement 
contents the desired “workability” conld be obtained by using maxi- 
mum water-cement ratios of ().75 and 0.55, res^Dectively. These two 
mixes represented about 70 percent of all the concrete placed. Until 
the workmen became used to the stiff concrete and the proper vibrating 
methods, a 6-inch mass mix with 0.90 barrel of cement per cubic yard 
and a water-cement ratio of 0.67 was adopted. Some special mixes 
were used in placing the closure concrete. 
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Table 32. — Basic mixes—weights of 


Mix identification 

Location used 

h 

Maximum- 

size 

aggregate, 

inches 

Cement 
content, 
barrels 
per cubic 
yard 

Water- 
cement 
ratio by 
weight 

B-inch— 0.85-0.75 

Interior nonreinforeed mass 

6 

0.85 

0. 75 

6-inch— 1.16-0.65 

Exterior nonreinforeed face — 

6 

1. 15 

.55 

3-inch-~l. 05-0.75 

Interior reinforced areas 

3 

1.05 

.75 

3-inch— 1.30-0.65 

Exterior reinforced areas 

3 

1.30 

.65 

13^-inch— 1.65-0.65 

Heavy reinforced areas 

IK 

1. 65 

.55 

1.83-0.55 . 

Very heavy reinforced areas * 


1.83 

.55 

i.4-mch-2.7&-0.50 

Grouting - 


2.75 

.50 


Table 82 gives tlie basic mixes, including tlie weights of materials 
per batch and the batch yield. 

Control of concrete mixes 

Matenah testing , — Routine laboratory tests made on the job were 
confined to tests of aggregate and concrete, while standard chemical 
and physical tests of cement were made at the various mills prior to 
shipment. An inspector was stationed at each of the mills during the 
time cement was being manufactured or shipped to the project. A 
laboratory was maintained at the aggregate plant, and inspectors 
made all necessary tests to determine whether specifications were being 
met. These tests included sieve analysis, specific gravity, unit weight, 
absorption, and free moisture content. 

A small laboratory in the mixer building was operated by an in- 
spector, who took samples of the aggregate for sieve analysis, specific 
gravity, unit weight, moisture, and absorption tests. Only the 
moisture and absorption tests were made in this laboratory, the other 
tests being made in the main field laboratory. Aggregate samples 
were taken approximately every 45 minutes, and moisture tests were 
made to determine the amount of free moisture. The additional- 
weight of water required to give the proper water-cement ratio was 
then computed. 

The workability of the concrete was affected by the changes in 
aggregate gradation. These changes were often of short duration 
and were caused by local disturbances in the stock piles. In such 
cases where a sieve analysis could not be made in time, the changes 
were compensated for by the plant inspector’s making the necessary 
inciease or decrease in the quantities of the various sizes after a 
visual inspection of the aggregate. 

, mixed concrete was taken by the inspectors on eack 

shirt, from which four or six standard 6- by 12-inch compression test 
cylmders were made. The results of the Y-day tests on these cylinders 
(table 33) served as a check on the mix design. Other tests were 
made m 28 days. 
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materials per batch and batch yield 


Weights of materials— pounds (aggregate surface-dry) 

Batch 

yield, 

cubic 

yards 

Water 

' Cement 

1 

Sand 



Stone I 

No. 4-^- 
inch 

^-IJ^-inch 

lH-3-incli 

j 

3-6-inch 

1,007 

1,342 

4,427 

2,214 

2,214 

3,004 

3,953 

4.20 

999 

1,810 

4,471 1 

2, 168 . 

2,158 

2,930 

3,700 

4.20 

1,244 

1,668 1 

4,610 

3,271 

2,825 

4, 164 


4.20 

1,129 

2,053 

4,602 

3, 266 

2,820 

4,156 


4.20 

1,346 

2,448 

5,000 

4,306 

4,683 



4.20 

1, 137 1 

2,068 

4,719 

4^429 



3.00 

1,034 

2,068 

4,71Q 1 




.1 


2.00 


Table 33. — Compression tests 


Mix 

Age, days 

Number of 
cylinders 

Average 
water-cement 
ratio by 
weight 

Average 
crushing 
strength, 
pounds per 
square inch 

6-0.80-0.75.. » 

3 

31 

0.76 

1,711 


5 

2 

.77 

2,299 


7 

146 

.75 

2, 418 


28 

no 

.75 

3,511 

6-0.85-0.75 

7 

163 

.72 

2,398 


28 

170 

.73 

3,683 

6-0.90-0.75 - 

7 

142 

.69 

2,574 


28 

129 

.69 

3,843 

C-1.10-0.55 — 

3 

8 

.69 

2,127 


5 

6 

.59 

3, 122 


7 

76 

.57 

3,583 


28 

69 

.57 

5,040 

6-1.15-0.55 - 

7 

119 

,55 

3, 993 


28 

117 

.65 

5,653 

6^1.20-0.65 - 

7 

10 

,53 

4,376 


28 

10 

.53 

6, 270 

3 1.06-0.75 

3 

2 

.67 

2,149 


7 

121 

.72 

2,544 


28 

117 

.72 

3,836 

3-1.10-0.75 

7 

4 

.67 

2,348 


28 

4 

.67 

3,667 

3-1.30-0.55 

3 

2 

.55 

2,759 


7 

167 

.66 

3,613 


28 

24 

.55 

5,139 

U^-1.50-0,55 - - 

7 

32 

.55 

3,774 


28 

25 

.66 

5,227 

lH-1.56-0.55 

7 

202 

.54 

3,496 


28 

196 

.57 

5, 377 

13^-1.60-0.66 

7 

8 

.54 

3,725 


28 

8 

.54 

5, 392 

H-1.83-0.55 

7 

16 

.65 

3,326 


28 

9 

.66 

6,119 
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Concrete mixing 

The main concrete mixing plant (fig. 100) was the same equipment 
that had been used at Cherokee Dam. It was entirely automatic; 
and all operations, which included the batching, charging, and mix- 
ing, were controlled by an automatic push button system located in 
the mixer building and operated by one man. The lights and signal 
devices informed the operator of the position of the charging chute, 
when a mixer was fully charged, when the time allowed lor mixing 
was up, and when a concrete bucket was under the plant ready to 
receive material from a mixer. He w^as also notified by lights of an 
excess or deficiency of the material in the ■ ' t ''■i" u ■■■‘■ri'''--. From the 
control station the ox^erator had a view of . « i-:; ■ ' ■ g oiDerations 
and could see the mixers and discharge chute. 



Figure 101. — Concrete train. 


The mixing plant was designed to produce approximately 240 cubic 
yards of concrete an hour, based on a 3-minute cycle of operation 
and 4:.0-cubic-yard batches. It was found that the cycle of operation 
could be reduced to 2 minutes and 55 seconds and, at the same time, 
the mixers coxdd be operated with a 5 percent overload or with batches 
of 4.2 cubic yards. This made the maximum theoretical production 
269 cubic yards per hour. Batches of 4.4 cubic yards were tried, but 
the spillage was excessive. 

The mixing cycle of 2 minutes and 55 seconds was divided as 
follows : 

Minutes Seconds 


Charge mixers 0 10 

Mixing time Il.IIZrZZIII 2 30 

Dump and right mixers 0 15 

Total.^ 2 55 


The weighing time, which was about 16 seconds, did not affect pro- 
ductioii since an interval of about 48 seconds was available for that 
operation. ^ , 
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Dispatching and transporting 

Because of tlie^ coixcentration of operations on the construction 
trestle, a dispatching system of lights and buzzers was used to route 
the proper mix of concrete to its correct location without loss of time 
and without confusion. The system was operated from a control panel 
in the mixer building. The dispatcher had telephone comiections with 
the trestle foreman and the placing inspector in the form. 

Concrete was discharged from the mixers into 4.2-cubic-yard buckets 
carried on railroad flat cars which ran beneath the discharge spout 
of the mixing plant. One to five trains, each consisting of a locomo- 
tive and one flatcar (fig. 101) carrying three full buckets with 



Figure 102 . — Placing concrete. 


one empty stall, were operated at any one time. The buckets were 
hauled actoss the construction trestle to one of the four gantry cranes 
which swung them into the forms (fig. 102) . Each bucket was tagged 
with the type of concrete, such as mass, face, or grout. 

Concrete placing 

Where time permitted, concrete was placed in the mass structures 
in 5-foot lifts with a T2“hour cooling interval between lifts. The gen- 
eral concrbting schedule was made to fit this rate ; but because of the 
difficulty in uncovering foundations and extending the constru-Otion 
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trestle, it was necessary to increase this rate in certain parts of the 
dam. Where the rate of placement was increased in this manner, a 
system of artificial cooling was required. 

Special attention was given to bonding the concrete at the horizontal 
construction joints. After the surface of the previous pour had been 
cut and washed ( see p. 224) grout was brushed into it with wire brooms, 
keeping it just ahead of the mass concrete, which was usually started 
near the upstream end of the block to keep the men from under the 
bucket. A windrow of interior mass concrete was placed across the 
block about 5 feet downstream from the end form. Face concrete was 
then placed between the windrow and the form, and the layer of mass 
concrete continued down the block. A 5-foot lift was usually placed 
in four layers, with each layer kept just ahead of the one above it. 
Approximately 5 feet of face concrete was placed next to the form on 
the downstream end of the block. 

The concrete was compacted with vibrators. In the mass pours two- 
man spade-type internal electric vibrators operating on 90-cycle cur- 
rent were useci. For the small heavily reinforced pours flexible-shaft 
vibrators were employed. The number of vibrators necessary varied 
with the size of the pour, rate of placing, type of concrete, and placing 
conditions ; but in the main blocks four were usually required. When 
the concrete was placed in four layers (15 inches deep after vibrating) , 
four vibrators could handle from 80 to 100 cubic yards of concrete 
an hour. 

One placing crew and a crane were generally assigned to each pour. 
During peak production periods there were three such crews placing 
concrete in three different blocks of the main dam, while a fourth 
crane was placing small pours of the powerhouse and training walls. 
When a particular iDOur had to he jdaced more rapidly two cranes and 
two placing crews were assigned to it, which increased the rate of j)lace- 
ment approximately TO percent. The average rate of placement per 
crane-hour was 80 cubic yards. 

The downstreaixL portion of the spillway training walls, spillway 
apron, and the tailrace wall were beyond the reach of the gantry 
cranes operating from the construction trestle. To place concrete in 
these locations, a 4-cubic-yard hopper was located on the apron directly 
below the downstream edge of the construction trestle, and concrete 
was fed to the hopper through a flexible steel pipe or “elephant’s trunk” 
extending from the trestle. A special train consisting or a Diesel loco- 
motive and a flatcar carrying two 4-cuhic-jard hoppers hauled con- 
crete from the mixing plant and dumped it directly into the ^^elephant’s' 
trimk.” Trucks carrying 2-cuhic-yard buckets transported the con- 
crete to crawler cranes which swung the buckets into the form. 

Since the construction trestle did not extend north far enough to 
allow the gantry cranes to place concrete in blocks 1 to 4, inclusive, 
and the north core wall, a stiffleg derrick was erected just downstream 
from block 2 to handle the 4-cubic-yard buckets from tlae concrete 
trains. The core wall was poured with transit mix trucks from a small 
batching plant. 

AHifiGial cooling, — ^Tq speed up concrete placing in most of the main 
dam, the heat of hydration was dissipated by artificial cooling. This 
permitted reducing the time interval between pours to 48 hours. 
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PLAN plan 

TOPICAL BELOW EL 945 FOR SPILLWAY TYPICAL ABOVE EL 945 FOR SPJLLWAY 

EL 947 FOR INTAKE EL 947 FOR INTAKE 



SECTION A- A 



TYPICAL INLET 4 OUTLET CONNECTIONS 

Figure 103. — Concrete dam cooUng system. 
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Figube lOi —Arrangement of placements in closure blocks. 
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Tlie cooling pipes were made of 1-incli round thin-walled tuhing 
and laid in loops on 6-foot centers directly on the surface of the 
previous lift. The loops were made up by bending the pipe without the 
use of fittings, and special fittings were used to make the coimection 
at the form. The maximum length of pipe for any one course was set 
at 1,200 feet, and the minimum length at 400 feet. A pipe header was 
carried up the downstream face of the dam to feed the coils in the 
block. River water was pumped through each coil at the theoretical 
rate of 5 gallons per minute. Later the pipe headers were removed, 
and the cooling coils were blown out and filled with neat cement gi'out. 
Figure 103 shows the arrangement of the cooling water piping in the 
main dam. 

Qlomre Goncrete. — The stream diversion opening in blocks 22 and 
23 above elevation 878 was ready for closing in February 1943, just 
ahead of the season of heavy rainfall. Standard concrete-placing 
methods would have delayed the closure so that the spring rains could 
not have been impounded for power production in March, Therefore, 
to close the two spillway blocks as rapidly as possible, the concrete was 
placed continuously from elevation 878 to elevation 937 although it was 
recognized that continuous placing was unique on large dams. Above 
elevation 937 it was placed in 4-foot lifts with at least 72 hours between 
lifts. 

Cooling pipes were installed at each 5-foot interval of height, and 
water was turned on about 12 hours after the pipes were covered. The 
12-hour interval permitted initial set of the concrete to take place 
without delay and provided sufficient early strength for form stripping 
and raising. Figure 104 gives data and shows the arrangement of 
concrete pours in the closure blocks and in the adjacent blocks 21 and 24. 

To obtain the temperature of the interior of the blocks, thermo- 
couples were installed in block 23. This block was selected because it 
was the follow block and would probably have a greater temperature 
rise than block 22 (see fig. 105), The water discharging from the 
cooling pipes was allowed to run down the face of the blocks for curing 
purposes. Thermometers were set in the downstream face about 2 
inches in from the surface to obtain a check of the temperature of the 
face concrete. The air temperature during the period of continuous 
placing varied from 13"^ to 68° Fahrenheit, and the concrete-placing 



Figure 105 . — Cooling curve. 
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temperature ranged from 40° to 66° Fahrenlieit. Kecords of tem- 
perature rise and compression tests made on some core samples indi- 
cated that excellent concrete was obtained (see table 36) . 

Horizontal construction joints 

The green-cut method of horizontal construction j oint treatment was 
’ used for the entire job. This method insures an almost perfect bond 
between the pours. Test cores drilled through the joint showed that 
in most cases it was impossible visually to identify the joint, and when 
the core was tested in tension or compression failure did not occur 
at the joint. 

The method consists of cutting off a layer of the green surface not 
over ^-inch thick with an air and water jet applied at a pressure of 
approximately 100 pounds per square inch. This removes loose sand, 
dirt, and laitance, and exposes the aggregate. The surface is then left 
until just prior to concrete pouring, at which time it is thoroughly 
washed. 

The success of the treatment depends upon the time the first cutting 
is started. If it is started too early, the jet cuts too deep and loosens 
the coarse aggregate ; if too late, the concrete is too hard. The time of 
starting varies from 6 to 24 hours after finishing the pour and depends 
on the temperature of the concrete, temperature and humidity of the 
air, kind of cement, amount of cement, water gain, and traffic on the 
surface. In general, the colder the weather the longer the cutting is 
delayed. Experienced workmen can tell about when to start from 
the appearance of the surface. 

Curing 

Membrane curing was used for all exposed concrete surfaces except 
the horizontal construction joints and the powerhouse interior, where 
water was used. The membrane compound was Aquastatic Clear, to 
which a red fugitive dye was added that disappeared after 5 to 7 
days’ exposure. The color showed the portions that had been covered. 

The compound was applied with small sprays at the rate of about 1 
gallon per 300 square feet as soon as the forms were stripped and 
before the surface of the concrete had dried. This was usually about 
24 hours after the concrete had been placed. Surfaces which had 
dried were wet down and the free water allowed to soak in or evaporate 
before the compound was applied. 

Freshly placed concrete walls and ceilings in the powerhouse were 
kept moist, and a blanket of moist sand was kept on the floors. 

Winter protection 

The cold weather periods were not severe, and only a small amount 
of protection was needed to prevent the concrete from freezing. 
Ample protection was provided by erecting canvas windbreakers and 
placing charcoal salamanders in the blo(3:s. Water at the mixing 
plant was heated during cold weather, and steam was circulated 
through the aggregate bins. 

FORMWORK 

Concrete construction required a total of 1,253,000 square feet of 
form contact area. Of this amount, cantilever panels were used to 
form 378,380 square feet of contact surface in mass concrete and 
38,423 square feet of contact area in walls and piers. The powerhouse 
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substructure, Superstructure, spillway apron, tailrace wall, and intake 
trasbrack were placed with other types of forms. Altliougli the panel 
forms used on other TVA projects had been satisfactory, the shortage 
of critical material and manpower indicated the necessity of using a 
type of form which would save as much material and labor as possible. 
A cantilever type which eliminated the metal tie-backs at the top of 
the panel seemed to fulfill these requirements. Table 34 gives a 
summary of formwork areas and costs. 

Cantilever panel forms 

Bef^uirements for adoption . — The cantilever panel forms had to 
fulfill the following requirements : 

1. The elimination of as much steel as possible. 

2. The eliminatiou of as much fabricating shop time as possible. 

3. A simple design with the elimination of as many working parts as possible. 

4. Provision for easy and quick alinement and stripping. 

5. Low costs. 

Design . — ^The forms were designed for a 5-foot lift of fluid concrete 
weighing 150 pounds per cubic foot. The details of the final design 
are shown in figures 106 and lOT. The upstream, downstream, and 
bulkheacl panels were 27 feet 9 inches long for an intake block and 
23 feet 3 inches long for a spillway or non overflow block. Two of these 
panels formed the full width of the block. Shorter panels were made 
up for the bulkheads so that as the blocks decreased in length the 
panels could be more easily taken out. 


Table 34. — Formwork areas and costs 
AVERAGE COSTS AND RATIOS 


Item 

Powerhouse 

substmctuie 

Powerhouse 

superstruc- 

ture 

Intake 

Spillway 

mass 

Spillway 
pier and 
tailrace wall 

Spillway 

apron 

Concrete -cubic yards— 

Formwork square feet-- 

Cost per square foot, erect and 
strip 

85, G92 
148, 876 

$1. 98 

23 

5,863 
81, 166 

$2.14 

949 
17, 471 

$2.41 

451, 829 
865. 728 

$1. 19 

8,256 

65,207 

$1.20 

35, 505 
66, 261 

$1.28 

Ratio of types, percent: 

Panels 

44 

69 

Other 

77 

100 

100 

56 

31 

100 

Square foot contact per cubic 
yard of conorete _ - 

4.17 

13.84 

18.41 

1. 92 

6.70 

1.84 

! 


PANEL FORMS 
[23,010 square feet contact area] 


Item 

Cost per 
square foot 

Panel form fabrication, cantilever panels: 

$1,022 

1.244 



2.266 

,062 

.019 

Repairs:' 

Miscellaneous mateiial and expense - - 

n'fital ropfifir^j 

.081 

.100 

.240 

Transport: 

Labor.--- - - 

Equipment operation.-- - — 

Total transport ------ ----------------- — — -- 

.340 

.687 

Total cost of forms.-- - 



Number of panels built, 212; total contact area, 23,010 square feet; lumber used, 227,474 feet board measure; 
0,89 feet board measure per square foot contact area; average use of panels, 19,65 times; formed by panels, 
452,238 square feet contact area; panel cost per square foot of contact area formed, $0,139. 
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PLAN OF BLOCK 7 AT £L 977.0 SECTION A - A 

Figure 106. — Deflections of forms. 


Matenal.--lMmh&r could not be purchased in sufficient quantities 
to fabricate the panel forms in time for use, so it was necessary to 
use the timber that was cleared from the reservoir for all but the 
tongue- and-groore sheathing. The logs were hauled to the j ob site and 
sawed to size by a portable sawmill. The lumber was unseasoned and 
not properly graded but served fairly well for rough construction 
uses. Machine shop time was saved by the purchase of patented 
anchor ty-loops and lag bolts. 

Usage . — ^The panels were set on the base pours of the blocks by the 
gantry cranes, and a safety scaffold was attached. After they had 
been erected around the block, they were adjusted with the lower 
anchor bolt so that the top was set in % ii^ch to allow for the deflection 
of the form caused by the concrete load. The forms were stripped and 
raised with chain hoists suspended from light-weight aluminum 
A-frames. 

The cantilever panels were reused many times; in some cases 40 
reuses were recorded. After a panel had been placed on the block 
it usually remained in its place until the top of the block was reached, 
although some of the downstream bulkhead panels were dropped off 
as the block narrowed. 

Other forms 

Panel forms were used on only one-third of the formed surfaces. 
The other two-thirds were formed with various types, including built- 
m-place forms and forms built in the shop for special use. Included 
in the latter category were those for the draft tubes, gallery, and 
turbine pit. 

Blocks 22 and 23 were the closure blocks and were poured con- 
tinuously for a height of 50 feet with block 22 leading. The con- 
traction joint between these two blocks was maintained during the 
fast rate of pouring by a special bulkhead panel, the details ‘of which 
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are shown in figure 107, The panels were made in 5-foot yeiTical 
heights ; and by using two panels, alternating one on top of the other 
for each successive 5 feet of pouring, it was always possible to have a 
form in place. 

AisorpUve form linmg . — ^Absorptive form lining was used to line 
the forms on the downstream or overflow surface of the spillway 
section of the dam. This wood pulp product absorbed the free water 
in the concrete near the form while the concrete was still in a plastic 
condition, thereby tending to lower the water-cement ratio and pro- 
duce a ^‘case hardening’’ effect on the surface concrete ; and the appear- 
ance of the concrete was also improved. 

The lining was used on the exterior waUs of the powerhouse for 
architectural purposes. When the rough side was placed next to the 
concrete the resultant texture had the appearance of limestone or 
granite. Extreme care was required to prevent damage to the form 
lining while making the thin-walled heavily reinforced pours. This 
practice allowed the exterior walls of the control building to be made 
of poured-in-place concrete instead of precast blocks or limestone- 

SPILLWAY 

The spillway section of the dam includes blocks 17 to 28 and the 
downstream apron. The piers in the center of blocks 1§ to. 27, in- 
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elusive, and the training walls in the center of blocks IT and 28 form 
the 11 overflow bays. Closure w^as made February 19, 1948, piers 
were completed March 22, and gates and bridge were in place by 
the end of April. 

Reinforcing steel 

Approximately 2,100 tons of reinforcing steel was used in the con- 
struction of the spillway section, most of which was placed in the 
apron. The steel was chiefly intermediate grade new billet steel; 
but because of the steel shoz’tage, hard-grade bars were used in 
locations where the substitution could be made satisfactorily, usually 
where no bending was required. 

The bars were unloaded by locomotive crane and stored in the yard 
according to length and size. After removal from the storage piles, 
they were cut to length with an acetylene torch and then shaped by a 
bending machine. 

Spillway sluices 

Eight steel-lined sluices (fig 108) were installed in the base of the 
spillway section for discharging water during low stages of the reser- 
voir and for additional spillway capacity. Two hydraulically op- 
erated slide gates were installed in each sluice, one for regular opera- 
tion, the other for emergency use. The gates are operated from a 
room adjacent to the inspection gallery. 

Sluices 1 to 5, inclusive, in blocks 18, 19, 20, 21, and 24 were con- 
structed in the first-stage coif er dam; and sluices 6 to 8, inclusive, in 
blocks 25, 26, and 27 were installed as a part of the second-stage 
construction. All the sluices were used to bypass the river during 
final closure operations. 

Sluice liners , — ^Each sluice is approximately 114 feet in length and 
is lined with %-inch steel plate for a distance of about 50 feet from 
the upstream face of the dam. The sluices are 5 feet 8 inches wide 
by 10 feet high, with a flared opening at the upper end formed by 
a steel casting with an opening 12 feet 6 inches high by 8 feet 2 inches 
wide. The discharge of the sluice was made through a flared concrete 
outlet directly to the spillway apron and stilling pool. 

Slide gates . — Sixteen slide gates and frames were fabricated under 
contract and shipped to the job for operating the sluices. The em- 
bedded parts of the twin gate assemblies, such as the gate frame and 
bonnet castings, were received from the manufacturer and installed 
in each of the eight conduits. Delivery of the complete gate as- 
semblies was not made in time f 0 ,^ erection ; and to avoid dmay, the 
downstream gate leaves and gate-operating cylinder assemblies were 
transferred from Cherokee Dam to be placed, in the upstream position 
at Douglas Dam for initial operation. Eight cylinder assemblies, 
five gate leaves, and five bonnet caps were delivered from the manu- 
facturer in time for installation. Temporary steel cover plates were 
bolted to the tops of downstream gate bonnets at both Cherokee and 
Douglas to replace the cylinder assemblies. Upon final delivery of 
all gate assemblies, the parts were distributed at Cherokee and Douglas 
Dams to complete the installation at both pi'ojects. 

Liner and gate asseml)ly installation . — The unlined sections were 
formed in the concrete up to elevation 873, where concreting operations 
were stopped and small concrete footings were formed to support the 
gate castings and adjacent steel linex sections (see fig. 108) . 




6 . Sluice liner erection — blocks 26 and 27. Temporary bulkhead protects working 
area against high flows. 

Figure 108 . — Installing sluice liners and forms. 

In sluices 1 to 5 the gate frames were first set and adjusted in position 
by means of steel shims, then secured with anchor bolts in the concrete 
footings. The remaining sections of the li ner, including the bell-mouth 
intake, wei*e bolted to the frames and adjusted with steel shims to 
correct elevation. The assembled liner was braced with steel tie rods 
welded to the top of the liner and to projecting steel dowels in the 
concrete, and the remaining sections of wood forms were placed. The 
bonnets were then bolted to the gate frames, the upstream gate leaves 
were installed, and concreting was resumed. 

In sluices 6 to 8 the installation sequence was influenced by the 
presence of the auxiliary cofferdam bulkhead at the upstream 

'^ 9409 ^— 4 ^ ; 6 , 
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of the dam and by the accelerated concrete-pouring schedule. The 
bulkhead piers were located between the sluice intake openings, and 
immediately after their construction was completed the bell-mouth 
intake casting and the remaining sluiceway sections were subsequently 
alined to these piers. Support for the casting was provided by a 
small concrete footing in the center, a welded angle iron frame at the 
upstream end, and a S-inch pipe frame with screw jacks for adjust- 
ment at the downstream end. Construction of the downstream im- 
lined section of the conduit proceeded concurrently when concreting 
reached elevation 8t3 the gate castings and remaining liner sections 
were installed as in stage-1 construction. The inside surface of the 
sluice liners was sandblasted and covered with three applications 
of cold bitumastic paint. 

After the upstream gate leaf had been placed in the guides the 
bonnet cap was bolted in place, and the piston shaft was inserted 
through the bonnet cap bearing and coupled to the gate leaf. The 
cylinder was then lowered over the piston and bolted to the bonnet cap, 
completing the hoist assembly. Installation of the hydraulic oil pres- 
sure system for gate operation followed, but prior to its completion 
the gates were operated by a temporary comiDressed-air arrangement. 

TrashraGlcs , — ^Wartime priorities on material and manufacture made 
scheduled delivery of the originally designed trashracks indefinite. 
To prevent probable construction delay, a substitute trashrack was 
designed that could be made on the job from available materials. It 
was half-cylindrical in shape, fabricated from li;4'ii^ch-square rein- 
forcing steel welded together (fig. 109), Each rack was completely 
assembled at the machine shop before installation. 

Trashracks for sluices 1 to 4 were installed just prior to the second- 
stage river diversion. Three of the vertical steel rods forming the 
rack were fitted with steel shoes which were grouted into recesses in 
the concrete apron at the base of the dam. The sides of the rack were 
bolted directly to the stop log hulklaead guides. The trashrack for 
sluice 5 was installed in the same manner shortly before removal of 
the second-stage coiferdam. 

The trashracks for sluices 6, 7, and 8 were fastened to the faces of 
the concrete piers that formed the second-stage auxiliary cofferdam 
bulkhead. These piers projected 7 feet upstream from the face of t];ie 
dam, and their spacing was aj^proximately^S feet wider than the trash- 
rack unit. The half-cylindrical racks were extended with angles to 
span the space between the piers, and the extensions were fitted with 
steel plates which were bolted to the face of the pier with cinch anchors. 
The racks were supported by welded steel knee braces fastened to the 
concrete with cinch anchors. The gap at the top between the back of 
the rack and the sluice opening was filled with screens made of 1%-inch 
reinforcing steel. 

Spillway gate anchorages 

The 12, all welded, steel anchors carrying trunnion pins for the 
gate bearings were supplied under a separate contract and were in- 
stalled in the piers as concreting progressed. 

Prestressing, or elongation of the anchor bars equivalent to that 
caused by full water load against the gate, was done by thermal expan- 
sion of the steel bars by induced heat produced by electrical hysteresis 
and eddy current loss, a method noted for its simplicity of operation, 
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Figure 109,Sluice trashrack. 


absence of cumbersome apparatus, and flexibility of control. A time 
interyal of 28 days between embedment of the anchor and the pre- 
stressing operation was required to allow the concrete to reach full 
strength. Figure 110 shows the arrangement of the anchorage, and 
figure 111 shows erection Tiews. 

Preparation of the anchorages for prestressing was done before 
their installation in the piers. The anchor bars were first painted 
with asphalt and covered with wrappings of burlap and sisal paper. 
Each bar was wound with 250 turns of No. 8 insulated copper wire, 
making a total of 1,000 turns for each anchor, and finally covered with 
sisal paper wrapping. The windings on two bars were connected in 
series, forming two circuits for each anchor. The use of the asphalt 
and paper wrappings prevented bond between the steel bars and con- 
crete and permitted iree transfer of the anchorage load to the embedded 
main anchor plate. A minor modification of the Cherokee method, 
introduced at Douglas Dam, was^ that of using small-gage wire, 
doubling the number of turns, and increasing the electrical frequency 
from 90 to 125 cycles. These changes resulted in a saving of copper 
and a shortening of the time required to reach the specified elongation 
of the bars. 
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In the actual prestressing operation, two micrometer dial gages 
were placed between the auxiliary bearing plates and small steel rods 
previously embedded iii the downstream face of the pier to measure 
the bar elongation. At the intermediate piers where the anchors car- 
ried a balanced load the specific elongation was 0.072 inch. Expansion 
of the two pair of bars was maintained evenly by opening and closing 
each circuit as i^equired. Approximately 4 hours was required to ob- 
tain the specified elongation. When this point was reached, as indi- 
cated by the dial gages, the space between the auxiliary bpring plates 
and the downstream face of the concrete pier was filled with a cement- 
sand grout having proportions of 1 to 11/2 with an admixture of 2 per- 
cent calcium chloride to accelerate setting. The elongated position of 
the bars was maintained for a period of 12 hours after grouting by 
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Figure HO . — Electrical prestressing. 


intermittent operation of the electrical circuits. Previous tests on 
specimens of the grout showed that it would reach a compressive 
strength of approximately 1,000 pounds per square inch in a 12-hour 
period. 

At the end anchors where the loading was unbalanced the specified 
elongation for the bars on the gate side of the anchor was 0.106 inc]i, 
0.020 inch for the bars on the opposite side. After the 0.106-incli 
elongation was obtained by the method given above, the bearing plate 
in the gate side of the anchor was grouted; and the elongation was 
maintained for the 12-hour period. The anchorage was then allowed 
to cool until the^ elongation of the bars on the opposite side had re- 
tracted to 0.020 inch, at which time the bearing plate was grouted in 
the regular manner. 

Two of the gate anchorages, those located in blocks 20 and 24, were 
not prestressed as described above as a result of apparent partial 
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h. Heating coils completed. 


Figure 111 . — Views of spillway gate anchorage erection on Cherokee project illustrate 
similar methods employed on Douglas. 

sliort-circTiitiiig of tlie bar windings. Grouting of the bearing plates 
in these two anchorages was postponed until the reservoir water level 
reached normal pool elevation of 1,000, at which time the full hydro- 
static load against the gate produced the required bar elongation. 

Spillway radial gates 

The 11 radial spillway gates were identical to those which had been 
purchased for Fort Loiidoun and Cherokee Dams. To meet the con- 
struction schedule at Douglas, 10 of the gates manu:^ctured^n(mr the 
Fort Loudoun contract were transferred to Douglas Dam. Ine Doug- 
las contract was used to fill the Fort Loudoun requirements at a later 
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date. Tlie one remaining gate, the last to be installed, was received 
directly from the manufacturer. Figure 20 shows the spillway gate 

arrangement. .it 

Gate erection.— Th.e lower section of each radial gate, mcludmg the 
main gate frame and skin plate, was first assembled in the switchyard 
area adjacent to the construction bridge. It was then accurately 
squared, leveled, and riveted; and the skin plate joints were welded. 

The gate radial arms were first placed on the anchor trunnions and 
alined as the concreting of each pier was completed. At the same 
time, tlie sill beams and wall plates were installed in the recesses 
formed in the spillway crest and pier faces and adjusted to position by 
means of anchor bolts and jack screws. The normal practice of grout- 
ing in the sill beams and wall plates after the gate was in final position 
was followed only with gates 1 to 4 because of the time limit imposed 
by the rapi^y filling reservoir. For the remaining seven gates the 
grouting was done before the gate was installed. 

The assembled gates were handled during installation by two gantry 
cranes operating together. They were lowered into the bays (fig. 
112) , were rested on temporary timber cribs about 3 feet high set on 



Figure 112 . — Spillway crest gate erection. 


the spillway crest, and were held in position by the cranes until the 
radial arms were bolted' on. After final adjustment the riveting was 
completed, the rubber seals at the bottom and sides of the gate were 
installed, and the gate was then lowered to the closed position. Erection 
of the upper section of the gate was then completed. This sequence 
permitted water storage above the crest before the gates were finished. 

In hay 5, where the last spillway gate was installed, late delivery of 
the gate prevented its installation before the reservoir water level 
reached the spillway crest. To avoid interruption of water storage, 
tms bay was closed with a temporary concrete bulkhead 15 feet high. 
The bulkhead was designed by the field drafting room and consisted 
pf four reinforced-concrete gates placed in a steel frame spanning the 
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upstream side of the bay. Installation of the gate behind the bulMiead 
was completed when the reseiwoir was 7% feet above the spillway 
crest. 

Spillway operating bridge 

Approximately 346,180 pounds of steel for the operating bridge 
was fabricated and delivered under contract and included stringers, 
bearing plates, and supports for the dogging devices used to hold the 
spillway gates in the raised position. In this tonnage was 123,180 
pounds of 4iy4-inch I-beam interlock steel flooring, which was deliv- 
ered to the job in panels. Figure 113 shows the steel jaooring and 
hoist rail before concreting. 

Construction of the bridge followed the installation of the radial 
crest gates. The gate dogging devices were temporarily bolted to 
each pier to permit the erection of the superstructure. The bridge 
deck was supported on three lines of 33-inch 125-pound wide-flange 
steel beams with lateral bracing diaphragms. Each beam spanned 
two spillway bays with the fixed anchorage on the center pier and 
the expansion anchorage at the end piers. The beams were placed 
in position with a construction gantry crane, set to line and grade, 
and grouted in place. 

The prefabricated panels of steel I-heam interlock bridge flooring 
were next welded to the deck beams. The 3-inch-sc[uare steel rails 
for the traveling gate hoist were welded directly to the deck panels. 
The 7-foot spacing of the rails located them directly over the two 
downstream deck beams. As installation of the deck panels and hoist 
rails progressed the panels were filled with concrete. 

Traveling gate hoists 

The two traveling gate hoist cars were delivered fully assembled. 
They were placed in position on the operating bridge with two con- 
struction gantry cranes. 



Figure 113 . — Steel flooring and hoist rail before concreting. 
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INTAKE 

The intake section is included in blocks 12 to 16 of the dam. ^ Block 
12 is the transition block between the north iionoveriiow section and 
the intake section and contains the elevator shaft extending from the 
powerhouse control room floor to the top of the dam and the spiral 
staircase extending below the control room to the drainage gallery. 
Blocks 13 to’ 16 contain the four penstocks leading to the generating 
units in the powerhouse. 

Intake trashracks 

Construction of the four intake trashracks followed concreting in 
the dam. The intake gate guide piers, which also formed the anchor 
columns of the trashrack, were placed with the block pours ; and as 
block concreting progressed recesses were formed in the piers for the 
trashrack strut beams. Three cast-in-place columns formed the cor- 
ners of the semioctagonal structure. The guide channel assemblies 
were first set up on the foundation, and the column forms were built 
around them and filled with concrete to the bottom of the first strut 
beam. The precast strut beams were then set between the columns, 
and the next column lift was formed and iDoured. The beams joined 
the intake gate guide piers at recesses in the piers, which were filled 
with grout. The steel trash giulles were delivered completely assem- 
bled and were lowered into position by a 40-ton gantry crane on the con- 
struction bridge. A Chicago boom erected on a steel beam placed 
across the top of the gate guide piers handled all the material for the 
structure. 

Intake gates 

Intake gates were installed at the intake openings of penstocks 
1, 2, and 3 ; penstock 4 was closed with a hemispherical steel bulkhead. 
Prior to the installation of the permanent steel gates, temporary timber 
bulkheads had been placed across the openings to prevent flooding of 
the powerhouse. 

Gate guides. — The steel gate guides were delivered in sections 10 to 15 
feet long. They were installed in advance of concreting and were 
embedded as concrete placement progressed. Special care was taken 
to set and hold them to line and grade. 

Before the gates were installed the guides were sandblasted and 
painted with one coat of cold bitumastic primer, followed by one hot 
application of bitumastic enamel. 

Fixed seals around penstoch openings. — The stainless steel seal 
plates welded to heavy structural steel slabs were delivered in sections 
8 to 15 feet long. The plates were installed in each opening in their 
proper relation to the gate guides, which insured a maximum area of 
contact between the plates and gate seals along the sides. The sections 
were bolted to the gate guide with stainless steel stud bolts, which, in 
conjunction with jack bolts, were used to adjust the plates to position. 
At the top and bottom of the opening the plate sections were fastened 
and adjusted to horizontal structural steel face plates embedded in the 
concrete during construction. When final adjustment of the seal 
plates was completed, melted white filler metal was poured into the 
space between the structural steel slabs and the gate guide. 

Gate aaseinbly and installation. — Gates for penstocks 1 and 3 were 
assembled on the decks of their respective trashracks with a gantry 
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crane (fig, 114) . The lower section of the gate was set in position on 
8- by 8-incli timber blocks with the bottom at the elevation that would 
permit the guide castings on the gate to enter the slots in the gate 
guides. It was held in jolace with tiirnbuckle tie rods and timber 
thrust struts. 

The upper section of the gate was then set on top of the lower section : 
and after careful adjustment the center section of the skin plate was 
welded in place, thus completing assembly of the gate leaf. 

The end post assemblies were then bolted to the gate leaf. Before 
proceeding with further assembly, the gates were painted with one 



Figure 114. — Intake gate assembly on deck of trashrack structure. 


cold prime coat of bitumastic paint, followed by a hot application of 
bitumastic paint and a hot application of bitumastic enamel. Prior 
to the installation of the roller train assemblies, stiffener angles were 
bolted along them to prevent distortion while lifting them to a vertical 
position. They were then bolted in position in the end posts. 

The rolled naval brass gate seals were held in position by steel re- 
tainers. The surfaces to which the seals and retainers were attached 
were thoroughly cleaned and the outer retainer bolted in position, the 
seal plates with their spring inserts were installed, and the inner 
retainer bolted in place to complete the assembly. 

Because of the late delivery of No. 2 gate, reservoir water level was 
too high when assembly began to erect the gafe on the trashrack ; and it 
was assembled on top of a 20-foot-high steel tower tna.de of four 8-inch 


238 


THE DOUGLAS PROJECT 


wide-«flaiige columns, cross braced witb. 3-mcb pipe, wMch stood on 
top of tile traslirack deck. After the gate had been set in the ^ides, 
the platform was merely slipped off the dowels and removed. Special 
slots were cut in the concrete guide piers and outer flange of the gate 
guides to iiermit the. gate to be slipped into the guides. 

The permanent hoists were used to set the gates into the guides, 
assisted by auxiliary tackle and the 40-toii gantry cranes. 

Intake gate hoisting egui'pinent . — Complete gate hoisting equipment 
was installed for each of the three gates, and base plates were set for 
the future completion of the fourth gate. Each set included two hoists 
and speed reducers with chams operated by a single 50-horsepower 
electric motor. 

Penstocks 

The downstream sections of the 19 -foot- diameter penstocks were 
lined with steel plates furnished, fabricated, and installed under 
contract. 

Field fabrication . — ^Field fabrication and assembly of the penstock 
liners were done at the south storage yard approximately 1 mile down- 
stream from the dam. Each liner was assembled in three principal 
sections the downstream straight section of four rings, the curved 
elbow midsection of four rings, and the upper end straight section of 
two rings. The rings were brought to^ round with an 18-bolt spider 
and riveted together. The completed liner section was hauled to the 
damhn a tractor-drawn trailer. 

Liner installation . — ^The steel liners were supported by 11 structural 
steel saddles which were set to line and grade and anchored to previ- 
ously embedded anchor bolts and held in a rigid position by welded 
cross bracing. The three sections were lowered onto the saddles (fig. 
115) with a 4:0-ton gantry crane 02 Derating from the construction 
bridge.^ The downstream straight section was placed first, followed 
successively by the elbow section and the upper straight section. The 
three sections were then bolted together, and following final adjust- 
ments of line and grade they were welded to the saddles and riveted. 
Steel tie-down bars were welded to the liner and to embedded steel 
dowels to prevent uplift during concreting. The stiffening spiders 
remained in place until the steel liners had been covered with a mini- 
mum of 10 feet of concrete. 

Prior to placing concrete around the liner, a %-inch-thick cushion of 
cork-tar mastic was applied on the outside to the upper 270 degrees 
of the circumference for a distance of 10 feet upstream from the face 
of the penstock scroll case connection recess. This cushion permitted 
slight movement due to temperature changes and vibration without 
injuring the concrete. The interior of the penstock liners was 
thoroughly cleaned by sandblasting and painted with one coat of cold 
bitumastic prime and one hot application of bitumastic enamel. 

HeTmspherical steel hulhheads . — -Pending the installation of power 
imit 4, a hemispherical steel plate bulkhead was installed at the up- 
stream end of the penstock liner to replace the regular intake gate ; 

cancellation by the War Production Board of the in- 
stallation of power unit 2 the same type of bulkhead was also placed 
in the penstock of unit 2, Both bulkheads were furnished by the 
contractor, who installed the one in penstock 4 as part of his contract. 
Installation of the penstock 2 bulkhead wag done by the TYA 
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Figure Assembly of unit 1 penstock liner. 

Tlie bulkliead in penstock 4 was installed before tire liner Avas 
embedded in concretej and tlie assembly was entirely riveted. In- 
stallation of tire bulkhead in penstock 2,’. however, did not start until 
after the penstock had been embedded in concrete; and the major 
part of the asseinbly was welded. A 6%- by %-inch steel collar was 
welded to the inside of the penstock liner to which the bulkhead wds 
welded. The plate seams were welded at and away from the biJMieaid 
collar connection until sufficient clearance was obtained to operate 
riveting equipment, and the remainder of the plate seams were 
riveted. 

POWERHOUSE 

Only units 1 and 3 were installed initially; the installation of unit 
2 having been canceled by the War Production Board. Construction 
of the powerhouse, however, was completed to enclose units 1, 2, and 
3. For future unit 4 the draft tube was completed, and the power- 
house walls were carried to the elevation of the draft tube gallery, 
leaving the upper part of this section of the powerhouse open. 

Interior walls 

Only those rooms and offices which were essential to the operation 
of the plant were completed initially. The floors of the powerhouse 
are of reinforced concrete and are supported by the structural steel 
framework of the building. Concrete brick and structural non-load- 
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bearing terra cotta tile covered -with plaster were used for tlie in- 
terior walls. 

Powerhouse and control building roof 

The powerhouse and control building roof is of precast concrete 
slab construction. Precast concrete panel roof slabs were placed di- 
rectly on the steel roof beams ; and a bonded, membrane, felt roof was 
mopped over them. Precast reinforced-concrete deck slabs were then 
placed over the membrane roof. Figure 116 shows the roof structure 
over the generator room. 

Draft tubes^ gates, and guides 

The draft tubes are of the single vertical elbow type with double 
discharge and, with the exception of a short steel liner just under 
the turbine, are formed of concrete. One pair of structural steel gates 



6. Mopping roofing paper on precast concrete slabs. 


Figure 115. — Roof 
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and. two pair of bulklieads (strnctnral steel frames with timber face) 
were installed "for closing the six draft tube discharge openings of 
units 1, 2, and B. None were provided for unit 4. The gates and 
bulkheads are interchangeable and can be shifted as required. With 
the exception of the rubber seals and timber lagging on the bulk- 
heads, they were fully assembled when delivered. All exposed steel 
surfaces of gates and bulkheads were sandblasted and painted with 
one prime coat of bitumastic paint, followed by one hot application 
of bitumastic enamel. 

The gate guides, delivered in sections 12 to 16 feet in length, were 
embedded in the concrete as it was poured. The gate seal at the 
bottom on an H-beam embedded in the floor of the draft tube and 
the horizontal seal beam at the draft tube roof were attached to the 



d. Completed roof md removable hatch covers. 


over generator room. 
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guides. Dogging hooks to hold the gates in the open position were 
installed for units 1, 2, and 3. _ 

The gates are o] 3 erated with an auxiliary pb crane on the down- 
stream end of tlie powerliotise crane. -A.fter tire construction of 
Douglas Dam was completed one set of bulkheads was transferred 
to Fontana Dam. 


Figure 117 . — Erection of powerhouse gantry crane. 


Powerhouse crane 

The 225 -ton powerhouse crane was erected in place on the crane 
track with construction gantry cranes (fig. 11^). The wheel trucks 
were first placed oh the rails and the crane legs were then set on them. 
The legs were guyed of , and tlie two main girders were placed; each 
girder required two cranes to lift it. When riveting was completed 
the troU^s and other mechanical and electrical equipment were in- 
stalled. Load and operation tests were made with loads 25 percent 
larger than the rated capacity. 

Turbine installation 

Because of wartime I’estrictions, the procurement of the turbines for 
units 2 and 3 was canceled hy the War Production Board. One com-, 
plete unit that had been received but not installed at Cherokee Dam 
was transferred to Douglas Dam and installed as unit 3. Unit 1 was 
received directly from the manufacturer under the Douglas Dam con- 
tract. The two turbines were of the vertical Erancis type, rated at 
41,500 horsepower at 100-foot head and at normal speed of 94. Y revolu- 
tions per minute. The runners were 177 inches in diameter. The 
turbines were manufactured by the S. Morgan Smith Co. and were 
installed by the TVA’s forces under the supervision of the manufac- 
turer’s representative. 

During erection, the 40-ton gantry cranes, either singly or in pairs, 
were used almost exclusively in handling and placing the various 
parts. Since the construction method used for both units was essen- 
tially the same, the following description of erection procedure 
applies to either unit 1 or 3 except where noted. 


CONSa?RUGTION 


243 


ETJhbedded parts , — Embedded parts of the turbine were installed in 
the following order: draft tube liner, curb ring, speed ring, scroll 
case, and pit liner. The steel plate draft tube liner was received in 
two half -sections, which were welded together, leaving the top 2 feet 
of the vertical joints open for easier fitting to the cuih ring. It was 
held in position with turnbuckle tie rods, and pipe jacking spiders 
were placed at the top and bottom to keep it in round while concrete 
was placed[ in the recess around it. Concrete was placed in four lifts 
to approximately 2 feet below the top, the inside surface being sprayed 
with water during the pouring and for several days afterward to 
dissipate the heat and reduce expansion and subsequent separation of 
the liner from the concrete. 

The curb ring was also received in two half -sections, which were 
bolted together and set in place on the draft tube liner (fig. 118) . The 



Figure 118 . — Installing curb ring on draft tube liner. 


curb ring was supported and leveled with eight 30-ton jack screws 
and seven steel H-columns with steel plates and shims. 

With the curb ring in correct position, the two halves of the speed 
ring were set on it, bolted together, and then bolted to the curb 
ring (fig. 119) . Before tightening the bolts, it was brought to round 
and concentricity with eight-leg spiders at the top and bottom fianges 
of the speed ring. Checks for concentricity and level of the speed ring 
were made daily during erection of the scroll case. While concrete 
was being placed around the scroll case, checks were made before and 
after the first placement and after each of the remaining placements. 

Assembly of the steel plate scroll case began at the wye and pro- 
gressed clockwise in the direction of increasing diameters. Complete 
initial assembly of the plates was made by 50 percent bolting before 
riveting started. This afforded sufficient flexibility to permit final 
adjustments of the speed ring, scroll case, and penstock connection 
within the small tolerances permitted. Approximately 8,000 rivets 
of various sizes and lengths were driven in each scroll case, after 
which the plate joints were caulked and the crotch plates welded in 
place (see fig. 120) , 
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During assembly tlie case was supported around its outer perimeter 
by 54 screw jacks set on small concrete piers, and 10 additional 
jacks were placed beneath it at the flow line for additional support. 
Heavy timber framework was installed inside to maintain its shape 
during concreting. Final connection of the scroll case to the penstock 
was deferred until after concreting was completed and the temperature 
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ConcTeti'ng . — Concrete around tlie scroll case was placed in 10 lifts 
averaging about 2 feet in thickness, placed at the rate of one lift per 
day. Around the pit liner the lifts varied from 3 to 5 feet in thick- 
ness to suit design features. Cooling water coils were installed in the 
scroll case concrete, water was circulated through them continuously 
during concreting and for 7 days after completion, and cooling water 
was sprayed continuously over the scroll case interior. 

The space under each scroll case adjacent to the bottom of the speed 
ring became inaccessible when concreting reached the bottom of the 
scroll case. This void was filled with grout to within about 3 inches 
below^ the curb ring plate through six lO-inch-diameter pipes. The 
grouting was completed through 2-iiich pipes placed in 27 holes pro- 
vided in the lower speed ring flange for that purpose. To insure 
complete fillingj the grout was rodded through the pipes until it rose 
through all the forty %-inch vent holes previously drilled through the 
top of trlie curb ring. After grouting was completed all holes were 
plugged and ground flush. 

Internal and O'perating parts . — ^After concreting had been com- 
pleted to the generator subfloor the pit was prepared for installing 
the operating parts of the turbine. 

The two half-sections of the bottom plate were bolted together 
and placed in position inside the speed ring on its lower flange and 
temporarily bolted to the curb ring. Ten of the twenty cast steel 
wicket gates w^ere set in alternate positions in the bottom xilate’ and 
the upper plate was then lowered over the gates until it rested on 
the upper flange of the speed ring, whei'e it was temxDorarily bolted 
and doweled with 4 of the 10 dowels. 

The top plate was then removed, the bottom plate doweled to the 
curb ring, and the remaining 10 gates installed. The turbine runner 



Figure 121 —Installing turbine runner. 
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was then set in place (fig. 121), and the top plate was replaced and 
bolted and doweled to the speed ring. 

The 15-bucket steel turbine runner, cast in a single piece, was 
lowered into position onto leveling shims previously set on the curb 
ring lip and then centered in the bottom plate and held in position 
with shim stock at the tour center line points (fig. 122) . 

The shaft was lowered into place and bolted to' the runner, with 
the nuts being sledged tight until all were seated at the same tension, 
then permanently locked by tack welding. The top of the shaft cou- 
pling was level in all directions. 

The servomotors, operating ring, wicket gate arm assemblies, tur- 
bine guide hearing housing, and links were then installed and adjusted 
(fig. 123). 
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Go'v^emoTs . — ^The turbine governors were of the cabinet actuator 
type, manufactured by the Woodward Grovernor Co. They were in- 
stalled in the control room by the TVA’s forces under the supervision 
of the manufacturer’s representative. For units 1 and 2 a twin 
governor in a single cabinet was supported on a tempora'^'y 
steel bracket overhanging the pit provided for unit 2, ■ ■ -i .■■■■ 
governor for unit 3 was installed. They \vere of the relay valve 
“actuator” type with motor-driven governor head, complete with 
auxiliary control mechanism, cable-type restoring mechanism, oil 
pressure system, instruments, and gages. The latter included a tem- 
perature recorder for all important points around the unit. Eecording 
thermometers for cooling water, headwater gage, indicating and total- 
ing flowmeter, turbine guide bearing oil pressure and temperature 
gages, generator guide and thrust bearing temperature gages, thrust 
bearing oil level indicator, and COo fire-protection system control 
switch. 

Generator installation 

The two generators for the Douglas Dam initial power installation 
were designed, manufactured, and installed by the General Electric 
Co. They are the vertical hydro, 3-phase alternating-current type, 
rated at 33,333 kilovolt-amperes at 94.7 revolutions per minute, and 
generating at 13,800 volts, and are equipped with Kingsbury thrust 
bearings. 



Figure 124 . — Rotor assembly. 


RotoT ass&TYi^ly , — In asselnbling the rotor (fig* lower hub 

plate was bolted to the assembly pedestal; and the ten 36-inch I-beam 
arms were bolted to the hub plate. The outer ends were blocked up 
and leveled, and the top hub plate was then bolted to the pms Both 
plates were bolted with identified turned bolts and locked by tac 
welding. The brake plates were then assembled around the lower 
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perimeter, the lamination or rim bolts installed, and the assembly of 
the laminations was begun. . t 

The hot-rolled sheet-steel punched laminations were hrst weighed, 
then dropped over the rim bolts and keyed to the rotor arms with 
tapered rim keys. Each layer contained plates of equal weight which 
distributed the weight equally around the rim. The laminations 
were compressed at intervals and after complete assembly (4 feet S 
inches high) were securely tightened by sledging the rim bolt nuts and 
locking them by tack welding. The tapered rim keys were then driven 
to refusal with sledge and pneumatic hammers, and key blocks were 
set at the top of each rotor arm. 

The pole slots in the rotor rim were then filed out with a job-devised 
tool consisting of two square files fitted into an expander frame con- 
taining a spring for each one and a hook at the top for attachment 
to the overhead crane hook. The filing tool was started into the slots 
at the bottom and pulled upward through them by the crane until the 
inside suiTaces of the pole slots were smooth. 

With rope sling, using the service bay trolley crane, tlie pole pieces 
(pole and coil) were lowered into tbe rim slots, beld in place with a 
pair of tapered steel keys set on each side of the dovetail, and driven 
to refusal with sledge and pneumatic hammers. 

The field pole coil leads were then thoroughly cleaned with emery 
paper and an acid solution, and silver soldered. Feeder leads from 
the exciter were installed along the top or rotor arm 10 on insulating 
blocks, taped and painted with insulating material and black varnish. 
The field circuit resistance was then measured, tested dielectrically 
with 6,600 volts for 1 minute, and the polarity of each pole checked. 

After checking the shaft opening in the hub plates for concen- 
tricity to ensure a perfect fit of the rotor on the shaft, it was ready for 
installation. 

Thrust hearing hracket and hearings. — The generator thrust hear- 
ing bracket, thrust bearing, and generator shaft were assembled in 
one imit on the service bay deck. The thrust hearing bracket which 
carries the welded steel plate housing is made of welded steel girders. 
It is supported in the pit by six billet steel sole plates, each anchored 
by four 2-inch- diameter anchor bolts in recesses formed in the concrete. 
After being leveled at the same elevation the plates were set in grout. 

With the bracket blocked up about 4^/2 feet above the floor, the shaft 
was lowered through the hearing housing and blocked up a height 
sufficient to allow the assembly of the thrust bearing and runner 
plate in the bearing housing and around the shaft. The oil pan was 
then assembled to the bearing housing, sealed with a velumoid gasket, 
and bolted. The housing cover plates were then temporarily placed, 
sealed, and bolted, and the bearing oil chamber checked for oil tight- 
ness by filling it with kerosene for 24 hours. 

A timber assembly bed was built on each side of the housing, on 
which the bearing assembly was made in halves ; then each half was 
slipped into place in the housing. The cage was first bolted’ down to 
the housing, and then the runner plate was bolted together and rotated 
to its proper position. The shaft was lowered down on the runner 
plate, and the runner plate was bolted and doweled to the thrust block. 
The generator guide bearing, located directly above tbe tbrust bearing, 
was then installed. 
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Shaft couflmg . — ^The bearing bracket assembly was lowered into 
the generator pit with the powerhouse crane and adjusted to correct 
elevation above the turbine shaft coupling. Teinx^orai’y 4-inch 
coupling bolts were placed in alternate holes in the shaft flanges, and 
the nuts were tightened until the two shaft flanges were in contact. 
Nine permanent coupling bolts were jacked into the open flange holes 
between the temporary lifting bolts, and the temporary lifting bolts 
were then removed and replaced with the remaining nine permanent 
coupling bolts. All nuts were then tightened until the bolts had an 
equal stretch of approximately 0.006 inch. The shaft was plumbed 
by adjustment of the thrust-bearing shoes, using an electric micrometer 
from four equally spaced plumb wires. After the shaft had been 
alined to final position by the generator erector the two halves of the 
turbine guide bearing were bolted together around the shaft, aliiied 
with the assembly match marks, lowered into place in the bearing 
housing, and bolted down. 

Stator . — After calculating the final elevation of the horizontal 
center line of the intor, the stator sole plates were set so that the rotor 
would be centered vertically in the stator. Allowances were made for 
deflection of the bearing bracket due to water load on the water wheel 
and the weight of the rotor. 

The four stator sections were then set on the sole plates (fig. 125) 
with the powerhouse crane and bolted together ; then the assembled 
stator was accurately centered with reference to the generator shaft. 

With centering, concentricity, and leveling adjustments completed, 
the sole plates were grouted permanently in place. The quadrants of 
the stator were received from the factory already wound, and it was 



Figure 125. — Placing stator quadrant. 
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only necessary to install the armature winding coils and circuit con- 
nections across the joints. The coils in the slots near the joints were 
heated -and bent back out of the way so that the new coils could be 
installed in the bottom of the core slots, and then they were bent back 
into the top of the slots. The itew coils were also heated for installa- 
tion. The heating was done with direct current from 600 to 1000 
amperes at 12 volts, furnished by portable motor generator equip- 
ment. Heating the coils to around 80° centigrade permitted safe 
bending without danger of damage to the mica-base insulation. Each 
new coil installation and each original coil replacement was dielectri- 
cally tested with 33,000 volts for 1 minute. With all coils installed, the 
circuit connections were completed, the coil interconnections made, 
and all connections wrapped with rubber, mica, and fabric insula- 
tion, and painted with one coat of glyptal and two coats of black 
varnish. The completed sections of field winding were then dielectri- 
cally tested as before. 

ItotoT installation . — Following completion of the stator, the rotor 
was installed, using the 225-ton powerhouse crane to place it on the 
shaft (fig. 126) . The top and bottom hub plates were bolted to the 
shaft and slugged tight. The combined exciter and pilot exciter rotors 
were then installed on top of the main shaft. 

The thrust bearing was adjusted to equalize the load on the shoesj 
and the shaft was checked for alinement, plumb, and run-out. The 
thrust-bearing bracket was bolted and doweled to the sole plates, the 
turbine guide bearing was assembled and installed, and the generator 
guide bearing shoes were placed and adjusted. The various tempera- 
ture indicators and the genei’ator guide bearing oil vapor guard were 



Figure 3 rotor. 

also installed; and erection was completed with the erection of the 
combined main and pilot exciter frames, coolers, and generator housing. 

Test operation of units 

A mechanical test run was conducted on each unit to determine the 
fitness of the bearings, cooling water system, and other mechanical 
features. After satisfactory mechanical operation, the short-circuit 
dry-out or heat runs were made, followed by the high-potential tests. 
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Unit 3 tested out satisfactorily, but considerable electrical trouble was 
experienced during the tests on unit 1. - 

When an effort was made to place unit 1 on the first heat run, the 
pilot_ exciter failed to deliver voltage. After exhaustive tests to de- 
termine the trouble, it was discovered that several armature coils 
were short circuited in the loops at the commutator end. Tlie entire 
pilot exciter was, therefore, removed and returned to the conti'actor 
for repair. 

The first high-potential tests were begun immediately following this 
heat run. This consisted of the application of a potential of 28,600 
‘ volts for 1 minute on the sepai^ate phase windings of the main arma- 
ture. Phases A and B tested satisfactorily, but phase C failed after 15 
seconds. A second application reached only 28,350 volts before 
failure; and to locate the point of trouble, a third application was 
made, which reached only 26,400 volts before failure, setting fire to 
the winding insulation. Fourteen cylinders of CO 2 extinguished the 
fire. Examination showed that the top loops of two coils in the south 
quadrant had grounded to the reinforcing ring, and that the fabric 
taping and varnish insulation of the top-coil loops and circuit con- 
nectors and the wooden-block supports had burned over a length of 
about 10 feet. A large quantity of soot was deposited throughout the 
entire winding of both stator and rotor. 

The defective coils were removed, repaired, and replaced; and a 
second heat rim was made, followed immediately with the second 
high-potential test. 

This time 75 percent of initial test voltage, or 21,000 volts, was 
applied for 1 minute to each phase of the stator winding; and 3,750 
volts was applied for 1 minute to the main exciter commutating pole 
and series field windings and terminal circuit; all results were satis- 
factory. The contractor had previously tested phase C at 30,000 volts 
for 1 minute immediately after completing the winding rei^airs but 
before reassembly. 

Following the high-potential tests, the COg test was run ; and unit 1 
was placed on the line and loaded to 9,000 kilowatts. After 10 min- 
utes of operation, one of tlie^ coils in phase C failed in the core slot. 
The intial hank of CO 2 was discharged to i^revent fire. Disassembling 
again and extracting the defective coil, an examination revealed two 
or more short-circuited turns which had caused the copper winding 
to melt under load current and to blow out through the insulation, 
grounding the winding to the core. Molten copper distributed around 
the core in the ventilation ducts was cleaned out, and a small fused 
spot in the laminated core slot was ground and separated. A new 
coil was installed, the winding repair completed, tested at 28,600 
volts for 1 minute ; and the unit was ready for the third heat rmi. 

At this time the third high-potential test of the stator windings 
was applied, duplicating the second test; and in addition, 3,750 volts 
was applied for 1 minute to the rotor field windings. The result 
was satisfactory. 

After satisfactory completion of the high-potential tests, the units 
were placed on the line until they were subjected to the load-rejection 
tests which were run on the generator, turbine, and governor as a 
unit. Loads were rejected froinT6.5 to 100 percent of full load. These 
tests were followed with an index test on the unit to check the efS.- 
ciency, rating, and guaranties. 



252 


THE DOUGLAS PROJECT 


A 130>percent overspeed test of 128 revolutions per minute was run 
first, after which the governor was checked and adjusted for frequency 
' or normal speed control. 

Miscellaneous power plant equipment 

Other equipment of various kinds includes the following: com- 
pressed air and vacuum cleaning, telephones, CO 2 fii^e extinguishing, 
treated water, heating, ventilating, and air conditioning, oil purifica- 
tion, carrier current, raw neater, and plumbing and drainage. 
Accessory electrical equipment 

In the main control room of the powerhouse there are located the 
fallowing switchboards: the main control board, consisting of the 
five-panel instrument, relay, and benchboards ; the six-panel recording 
instrument board ; and the five-panel direct-current distribution board. 
The iiistruinent board, relay board, and benchboard were received un- 
wired and were wired by TVA forces. The recording instrument 
board and the direct-current boai^d were received completely wired. 
The 440-volt auxiliary power boards and the heating, lighting, and 
air-conditioning boards were received completely wired. 

Other equipment included the neutral reactors and oil circuit break- 
ers, the annunciator system with its relay rack, the storage batteries 
and motor generators, and the station service transformers. 

SWITCHYARD 

The initial switchyard installation included three single-phase, 161- 
kilovolt transformers, three bays of switchyard structure, and equip- 
ment for the two generating units. Concrke footings for the equip- 
ment serving a third generating unit were completed, but installation 
of the remaining switchyard facilities was deferred pending the in- 
stallation of unit 2 at a future time. 

Prior to placing concrete in the various footings, steely H -section pil- 
ing was driven to rock to sup)port each of the main steel towers. All 



Ficure 127 . — Main transformer foundation^ 
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Figure 128. — Main transformer. 


Other footings were placed directly on the compacted earth fill, fig- 
ure 127 shows the foundation for a main transformer (fig. 128) . The 
ducts in underground concrete envelopes, which carried the control 
leads from the powerhouse, led to two reinforced-concrete manholes 
in the switchyard, from which the control leads to the equipment 
were distributed in iron conduit. The galvanized steel structure was 
received completely fabricated and was erected by job forces (fig. 129) . 

The grounding system consists of one mat of bare copper cables 
laid in a bed of clay in the reservoir adjacent to the dam and a second 
mat located downstream from the switchyard below tailwater level. 
These two ground mats are connected to the switchyard surface grid, 
which in turn is connected to all switchyard equipment and steel 
structures. 

CHANNEL AND SITE IMPROVEMENT 
Channel improvement 

The river channel downstream irom the dam was graded and pro- 
tected so that water from the spillway and the tailrace would have 
unobstructed discharge. 

To provide a suitable outlet to the river channel for the water fiow- 
ing through the turbines, a tailrace apron was excavated in natural 
rock, rising in a gradual slope from the bottom of the draft tube out- 
lets to intersect the natural river bed. 

The river banks, for a distance of several hundred feet below the 
dam, were graded and protected from wash with a layer of hand- 
placed rock riprap 2% feet thick. 

Site improvement 

The major portion of the landscaping and site improvement was 
deferred for postwar construction. All construction areas, however, 
including borrow pits, road cuts, and construction yards, were graded 
and seeded. 
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Figure 129,— Erecting switchyard steel, 
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Chapter 6 

RESERVOIR PREPARATION 

Douglas Dam is located on the French Broad Eiver, the largest 
tributary of the Tennessee River, approximately 3*2 miles above its 
mouth and 13 miles downstream from the town of Dandridge, Temi. 
The impounded reservoir covers a rather flat valley averaging about 
one-half mile in width, and extends into the foothills of the bordering 
ridges. The main river lake is 43 miles long, with sizable tributary, 
arms in the valleys of the Nolichucky River, Flat Creek, McGuire 
Creek, Muddy Creek, and Indian Creek. The reservoir has an area, 
at surcharged level (top of dam gates) , of more than 31,000 acres and 
lies in four Tennessee comities : Sevier, Jefferson, Cocke, and Hamblen. 

Reservoir operations were based on a high-pressure schedule because 
of wartime conditions. In spite of rationing, priorities, and man- 
power problems the job was rushed to completion and closure of the 
dam was effected February 19,1943. 

The land-acquisition program began immediately after authoriza- 
tion of the project. The program required completion of land- 
acquisition surveying and mapping, determining the extent of land 
requirements, and preparation of formal approvals (including legal 
tract descriptions) for the entire reservoir area within a period of 6 
months. The land or rights in land acquired for this pr oj ect comprise 
a total of 33,583 acres. 

Clearing operations were started February 2, 1942, with clearing of 
the dam site, the quarry site, and other related clearance required for 
construction of the dam. A total of 5,182 acres was cleared— 783.4 
of bank clearing and 4,044 of regular clearing, and 355 acres tied down. 
The reservoir clearance program was officially completed February 17, 
1943. 

Five hundred and twenty-five families had to be removed in an 
unprecedented short period of 10 months from the date the dam was 
started. These families lived in the bottom lands and valleys that 
now form the Douglas Lake. 

The power, telephone, and telegraph lines below the pool level were 
removed during the period between February 1942 and May 1943. A 
total of 121.9 miles of utility lines was removed from the reservoir. 

Cemetery relocations totaled 2,449 graves removed. Highway and 
railroad construction involved 4.07 miles of access roads, 5.34 miles 
of state highways, 35.22 miles of county highways, 0.39 mile of streets 
in Dandridge, and 12.48 miles of tertiary roads. , 

SURVEYS AND MAPPING 

, The war emergency necessitated an unprecedented peak in TVA’s 
construction activities and an increase in the survey and map produc- 
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tion^ without sacrificing the standards of accuracy maintained on 
earlier projects. In anticipation of the exigency, exteiisiye prelimi- 
nary planning had been done so that surveys could be completed in 
the dam-site area before construction activities and in the reservoir 
region ahead of land acquisition, reservoir clearance, and other opera- 
tions. Topographic maps of the i^eservoir area, scale 1 : 24,000, had 
already been prepared under the valley mapping program. They 
proved invaluable for preliminary studies and planning and very help- 
ful in expediting the more detailed surveys and mapping necessitated 
by construction of the reservoir. 

The surveying and mapping activities embraced the following : 

1. Land-ownership reconnaissance for 1,244 land tracts. 

2. Property surveys and mapping covering 1,280 tracts, *72,039 acres. 

3- Marking and mapping 565 miles of clearing contour. 

4. Marking and mapping draw-clown and early flooding contours.* 

5. Basic control surveys. 

6. Surveys and maps for cemetery removal and relocation. 

7. Topographic surveys and maps for special use, including the dam-site and 

saddle-dam-site areas. 

8. Dam base line lay-outs. 

9. Fee and easement boundary staking. 

The main part of the field survey program was begun in February 
1942 immediately followmg the project’s authorization. To enable 
other TVA divisions with interdependent activities to meet exacting 
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schedules, it was necessary to finish the greater part of the work by 
June 1, and, except for permanent boundary marking, the surveying 
was completed by February 1943. 

AREA MAPS 

Planimetric map 

immediately following authorization of this project an urgent need 
developed for a medium-scale, accurate planimetric area map of the 
reservoir and vicinity. ^ Such a map, showing important political 
boundaries, railroads, highways, drainage, schools, churches, ceme- 
teries, trunk utility lines, and reservoir pool had been prepared and 
made available in July 1941. 

The drainage and culture sheets of the TVA-USGS 1 inch=2,000 
feet topographic sheets covering this area were assembled and com- 
piled as a unit. To this base the 1,000-foot contour was transferred 
from an impression of the contour plate. The reservoir was screened 
with a stippled pattern, and names of counties, communities, railroacls, 
drainage, churches, schools, cemeteries, highways, etc., were enlarged. 
After adding the title and borders, the composite map was photo- 
graphed to a scale of 1 inch=l mile. From photographic film,' 
11 by 3044 inches, a positive film was then secured by contact printing. 
This preliminary map covered an area of approximately 290 sc[uare 
miles. 

Upon completion ,of the land maps, a new area maxi, 22 by 60% 
inches, was drafted on tracing cloth to a scale of 1 inch = one-half mile, 
which showed relocated higmwajrs, I'ailroads, utilities, fee xni^chase 
and easement boundaries, the accurately maxiped 1,002-foot pool con- 
tour, and other changes i^esultihg from reservoir construction ; basic 
information was transferred from the 1 inch =500 feet land maps. 
The tracing was then xihotographed to a scale of 1 iiich=l mile, with 
the reservoir screened and unscreened: and from each of the pho- 
tographic negative films, H by 30% inches, positive contact films 
were secured; prints of this maxi w^ere available with or without the 
pool screened. 

Topographic map 

During July 1941, a toxiographic area map at a scale of 1 inch= 
% mile was xirepared for the project by compilation from topographic 
sheets of the TVA-USGS 1 inch= 2,000 feet quadrangles. The names 
of towns and counties were enlarged, the proposed dam and dikes were 
indicated, and the pool below the 1,000-foot contour was screened with 
a stipple xiattern oli this base. After the title and borders had been 
added, the comiiosite was photographed to a scale of 1 inch=% mile, 
and for use in obtaining economical reproductions, a positive film was 
made by contact. 

BASIC CONTROL 

Horizontal 

The basic horizontal control network in the Douglas Reservoir area 
was established for and under the direction of the Tennessee Valley 
Authority by the Works Progress Administration in cooperation witli 
the Temiessee Division of Geology. This control consisted of 209 
miles of transit- tape traverse of second-order accuracy (1:10,000), 
each line originating and closing on United States Coast and Geodetic 
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Survey triaiigiilation statioiiSj or being run as a closed loop from such, 
a station. Whenever practicable the traverse lines were routed along 
roads adjacent to and just above the future shore line. Triangulation 
ties across the river were made at frequent intervals to insure con- 
sistency in the traverse positions on both sides of the river and to 
shorten the traverse loops. 

Monuments were set in pairs along the traverse route at about 
l-mile intervals so that they could be used for both position and 
azimuth tiedns. All intermediate stations were marked with angle 
irons. The monuments were precast concrete, 8 inches square at the 
bottom and 6 inches square at the top and 30 inches in length, weigh- 
ing approximately 125 pounds. Each monument has a 3-inch circular 
bronze disk embedded in the top with “Tennessee Division of 
Geology— WP A” and the station designation stamped on the disk. 
The angle irons were 1 by 1 by 30 inches and were set with their tops 
projecting from 4 to 6 inches above the ground. “WPA” was stamped 
on one side and the county, line number, and station number were 
stamped on the other. All monuments were occupied by transit and 
included as stations in the line j no station was established by spur 
traverses. 

The traverse system was computed by the Works Progress Admin- 
istration in cooperation with the Tennessee Division of Geology on 
the plane coordinate grid system (Lambert projection) developed and 
published by the United States Coast and Geodetic Survey for the 
State of Tennessee. These computations were later checkect and ad- 
justed by the Tennessee Valley Authority. 

Fixed-grid azimuths were established at a maximum distance of 40 
instrument stations (which in general approximates a 5-mile interval) 
and at most junction points by observations on Polaris ; the astronomic 
azimuths were converted to grid azimuths. All taping was done on 
bucks (portable tape supports) , and the difference in elevation of the 
bucks was obtained by spirit leveling. Corrections computed for and 
applied to all field-taped distances included slox>e, temperature, tape 
calibration, and reduction to the sea-level-datum plane. Traverse 
closures were adjusted and distributed by the junction point method 
holding fixed the published positions of United States Coast and 
Geodetic Survey triangulation stations. 

Much effective and economical use was made of supplemental hori- 
zontal control positions which had been previously established during 
the valley topographic-mapping program. 

Vertical 

The reseryoir level-control net was run by the Works Progress 
Administration under a cooperative arrangement. The leveling was 
of third-order accuracy^ and was routed through all monumented 
traverse stations. Each line originated and closed on first- or second- 
order levels previously established by the TVA in 1937 and 1938 in 
connection with the valley topographic-mapping program, or by the 
United States Coast and Geodetic Survey. All leveling was adjusted 
to the 1936 Southeastern Supplementary Adjustment Datum of the 
Coast and Geodetic Survey. 


closure of O.OS foot times the square toot of the length of line or circuit 
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AERIAL PHOTOGRAPHS 

Aerial photographs covering 410 square miles of the I’eservoir area 
were furnished by Aero Service Corp. of Philadelphia on a contract 
basis. The original negatives were delivered to the TVA and addi- 
tional prints and enlargements for surveying and mapping were made 
by TVA. The Zeiss P-10 precision mapping camera with a focal 
length of 3.907 inches was used at a flying altitude approximately 
7,800 feet above ground, making the scale of the original negatives 
approximately 1 : 24,000 (1 inch =2,000 feet) . A total of 260 photo- 
graphs was required to cover the reservoir. The overlap of adjoining 
photographs in line of flight (east and west) was approximately 60 
percent with an average overlap between adjoining flights (north and 
south) of approximately 40 percent. 

CONTROL FOR MULTIPLEX BASE MAPS AND PHOTO SCALE 
DETERMINATION 

Accurate scale planimetric base sheets and photographs are neces- 
sary in several surveying and mapping operations. It is necessary 
to establish horizontal and, if contours are to be mapped, vertical 
control on enough photo points to control the position and scale of 
the stereoscopic models in the construction of planimetric base sheets 
and to determine the scale of aerial photographs. Positions and ele- 
vations were established on 74 photo points. After the accurate-scale 
planimetric base sheets had been completed (by multiplex) they were 
used to determine the scale of each aerial-photograph negative by 
comparison of scaled distances between identifiable points. This 
method of photo scale determination also simplified the computations 
for determining tilt in the aerial photographs, however, most of the 
photographs for the Douglas project had tilts so small they could be 
ignored. In the occasional case where sizable tilt was present, its 
amount and direction were easily determined. Scale and tilt values 
were supi^lied to the aerial photograph laboratory where enlarge- 
ments or reductions from the negatives were made. 

NEW LARGE-SCALE MULTIPLEX BASE MAPS 

The gratifying results obtained on the TYA’s Cherokee project 
and Hiwassee projects in the use of accurate large-scale planimetries 
as a base for plane-table surveys instead of enlarged-ratioed pho- 
tographs led to the use of base sheets prepared by multiplex methods ^ 
on the Douglas project. Adoption of this plan was an important 
factor in completing the survey and mapping progx-am on schedule. 
The sheets 'were i^repared on a scale of 1 : 6,000 (1 inch=500 feet) from 
the specially flown photographs and showed accurately the location 
of such features as field boundaries, fence lines, hedgerows, ridge 
lines, drainage features, roads, trails, buildings, wooded and cleared 
areas, etc. A total of 17 base sheets covering 112 square miles was 
required for the project. In addition, detailed topographic maps 
of the dam site and saddle dam areas were made on a scale of 1 

- Tennessee Valley Authority Technical Report No. 5, The Hiwaaaee Valley Projects, 
vol. 2. “The Apalachia, Ocoee No. 3, Nottely, and Chatp^e Projects,” pp. 499 and 500, 
1047. 

794091—49 IS 
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iiicli=500 feet by multiplex methods, which resulted iu a real saving 
of time and money. 

ENGINEERING FOR LAND ACQUISITION 

The property surveying and mapping program consisted of two 
principal parts. The first part is the lancl-acqiiisition surveys, wliic]i 
are sufficiently complete and accurate for use in purchasing land to be 
later merged into one large reservoir tract or reservation, but are not 
intended to serve as a basis for reestablishing original tract boundaries. 
Since most of the property lines between individual tracts are to be 
inundated and obliterated, it is not necessary to retrace or recover 
them after the reservoir fills. It is necessary, hq\yever, to provide 
property surveys and plats which permit acquisition of the tracts 
to be accomplished legally, fairly, and efficiently. The general term 
^^acquisition” as used here includes appraisal, abstracting, title ex- 
amination, description, and procurement by purchase and/or con- 
clemnatioii proceedings. 

The second part of the property surveying program comprises the 
transit-tape measuring and the monumeiiting of the government res- 
ervation boundary line. This is the line of demarcation between Gov- 
ernment-owned and privately owned land, and the ability to retrace 
or relocate its corners precisely at some later date is essential. Also, 
its visibility on the ground facilitates policing, fencing, clearing, 
leasing, cultivating, erecting buildings, other administrative and 
managerial functions, and reduces the tendency of adjoining owners 
to encroach on the Government reservation. 

Property reconnaissance 

The first operation in the property surveying and mapping program 
was the preparation of a preliminary property- ownership index map, 
which served as a base for deed copying ancl deed record notes and 
in addition was helpful in the planning and execution of the property 
surveys and land mapiDing. 

Property-ownership information was obtained in the field by sur- 
veyors who marked the data on photographs enlarged to the scale of 
1 : 10,000 (1 inch— 833% feet) . Each property owner or occui^ant was 
contacted to determine the approximate boundaries of his tract. Cor- 
ner locations were pointed out in the field to the surveyor and, where 
definite, were painted red so they could be easily found when the actual 
property surveys were made. The corners were then spotted on the 
photograph and marked and described in ink. Property lines joining 
these corners were then sketched in, the surveyor noting the owner’s 
name and the book and page number of recorded deeds. This informa- 
tion was recorded in duplicating notebooks so the original pages could 
he removed by the deed copier. If the deed was recorded but not in 
the possession of the occupants, the approximate date of recording was 
obtained to facilitate a later search in the county register’s office. 
Unrecorded deeds were copied in the field and turned in to the deed 
copier for typing. The surveyor assigned each deed a number and a 
letter prefix which designated the county and then inked the owner’s 
name and deed number (or numbers) on the photograph. Property 
lines and ownersliip data were secured for each tract touched by the 
1,007 contour, the acquisition guide, and all the adjoining tracts. In 
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some few peninsula areas where the acquisition policy had not been 
definitely established, property-ownership information was obtained 
over the entire area. The photographs were then projected onto prints 
of the 7y2-niiniite quadrangle topographic maps, scale 1 inch =2,000 
feet. After the proposed pool contour had been interpolated and ac- 
centuated in ink, the area below pool was shaded by a screen pattern. 
A positive film of each quadrangle map was then made by photo- 
graphic processes in order that contact prints could be secured. 

These ownership index niaps were extensively used in planning and 
scheduling work, in preparing preliminary cost estimates, and in pre- 
liminary abstract work. The original neld reconnaissance photo- 
graphs, together with the index maps, were later furnished to the 
property surveyor to be used as a guide in the more accurate location 
of lines and corners. To supplement the information described above, 
a list of property owners’ names and addresses was compiled for use 
in indexing and abstracting. Later, a second list of names and ad- 
dresses was prepared, listing the owners of property tracts to be af- 
fected by possible early flooding caused by cofierdam flow restriction. 
Deed copying 

A new method of deed copying was employed during the period of 
peak production ; a portable photostat machine was used to augment 
the usual typing method. Deed copying by photostat proved very 
satisfactory as it eliminated the job of proofreading, and words or 
figures which were not clear on a damaged original could be correctly 
interpreted on the photostat copy while the deeds Avere being plotted. 

As soon as the ownership reconnaissance data became available, 
employees stationed at each county seat copied the recorded deeds or 
other instruments of conveyance for each tract, as -well as all recorded 
plats. 

After the deeds had been copied, they w^ere plotted to a scale of 1 
inch =500 feet on vellum (if plottable) and compared with the out- 
lines of the tracts shown on the reconnaissance ownership photographs. 
In cases of major discrepancies, the deed copying was checked and if 
no error was discovered the field reconnaissance was checked before 
forwarding to the property surveyor. 

Field procedures on property surveys 

For the iDiirpose of determining the appropriate surveying methods, 
property tracts were divided according to size into three general 
classifications : 

1. Farm tracts from about 10 acres up, these being surveyed almost entirely by 

the use of planimetric-base plane-table sheets on a scale of 1 : 6000 (1 inch= 
500 feet). 

2. Small rural tracts, ranging in size from about one-half acre to 10 acres, usually 

surveyed by plane table on white paper on scale of 1: 2400 (1 in'Ch=200 
feet). Traverse stations with azimuth ties were shown where available or 
two or more property corners appearing on the 1 inch=500 feet sheets 
were tied in so that these small tracts could be plotted in their correct 
positions on the finished land maps. 

3. City lots or subdivison lots were either surveyed by transit-tape or plane-table 

methods, using as a base the large scale detail topographic surveys gener- 
ally prepared for towns and communities in or surrounding the reservoir 
area. It is found that often in making plane-table surveys of towns or sub- 
divisions, good use can be made of reproductions of recorded plats photo- 
graphed to the same scale as the property survey, provided the originals are 
accurate. 
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A total of 1,280 tracts, covering 72,042 acres, was surveyed and 
mapped by these three methods. The deed descriptions in the reservoir 
and adjoining area were, in general, very good as compared with 
previous reservoirs. Because of the high state of cultivation, the 
property lines were usually well defined and only in a very few cases 
were they involved in dispute. 

Multiplex base sheets 

Plane-table sheets were first prepared in the office by projecting 
the multiplex planiinetric base sheets, scale 1 : 6000, to double mounted 
sheets 20 by 25 inches in size (inside working limits) . The limits of 
each finished land map had been previously determined from recon- 
naissance ownership maps, and the projection was made so that a 
plane-table sheet covered the entire area which was to be shown on the 
finished land map with an approximate inch overedge of culture to 
allow for possible discrepancies in reconnaissance ownership plotting. 
All horizontal control stations were then plotted by coordinates. 

The field surveyor was supplied with the plane-table sheet, the 
property reconnaissance photographs, copies of the deeds, and all 
necessary surveying equipment. The owner or occupant of most 
tracts was again contacted for a final check on his property corners 
and boundary lines. In the case of lost or destroyed corners, the 
adjoining owners affected were called together at one time to determine 
from them jointly their common corners and lines. H' all interested 
owners agreed, and search on the ground did not disclose any con- 
flicting evidence, these corners were plotted in their j^roper locations 
on the plane-table sheet by deed and then marked on the ground. 
Where the owners could not be contacted or did not know where the 
corners had been located originally, the deed bearings and distances 
from other located corners were Allotted and adjusted, and the corner 
located in the same manner. Stakes were set at these plotted corners 
for the owners’ information and also to make them easily recoverable 
in case they became corners on the Government reservation boundary. 
Where the property corners and lines were already shown on the i3lane- 
tahle sheet (projected from the multiplex base) , as was often the case 
with fence intersections and fence lines in cleared areas or with 
streams, roads, and lanes, the plotting was merely a matter of empha- 
sizing the lines and intersections already shown. About 50 percent 
of the property corners and lines in the Douglas Eeservoir area were 
clearly identifiable on the photographs and showed up in the multiplex 
model. All boundary courses less than 500 feet in length were taped 
in the field and held fixed during the later plotting of the land maps 
in the drafting room, Wliere the property corners and lines were not 
directly identifiable on the plane-table sheets they were plotted by 
running a conventional plane-table traverse originating from a nearby 
identifiable mapped ];)oint or control station. The traverse would then 
be routed through the desired property corner or corners and carried 
forward to close on another clearly identifiable point or control station. 
This type of plane-table traverse work was used principally where 
property corners were located in dense woods or other areas where 
identification was difficult. 

As a part of the field survey work the surveyor delineated on the 
plane-table sheet all the features which were to be shown on the final 
map, such as roads, lanes, trails, buildings, orchards, woods, ridges, 
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bridges, culverts, streams, canals, millraccs, i:ailroads, power and tele- 
phone lines, and similar features. He also lettered on the plane-table 
sheet the owner’s name and deed number and all necessary explanatory 
notes describing each property corner and property line. All plane- 
table sheets were carefully checked for clearness, accuracy, and com- 
pleteness, and returned to the field for correction. This facilitated the 
drafting procedure and resulted in a considerable saving in time since 
it was seldom necessary, after this check had been made, to return the • 
sheet from the drafting room to the field for correction. 

Contour mapping 

The 1,002-foot pool contour had been previously marked with white 
paint on the base of trees in wooded areas and with white stakes 
through cleared and brushy areas. This contour was plotted directly 
on aerial photographs (scale 1: 6000) by field inspection where suffi- 
cient cultural detail existed nearby to permit x^ositive identification 
and by plane-table traverse in woods and open fields. The l,00T-foot 
contour, which was used as a general acquisition guide, was located 
and plotted at the same time. Plane-table traverse used for contour 
plotting in open or wooded areas began and ended on clearly identifi- 
able i)hotograx5hic points. The total shore line along which these con- 
tours were surveyed and plotted is 565 miles. In addition to the pool 
and acquisition guide contours, the 9 BO- and 910-foot contours were 
mapped by the same methods, but with a somewhat lesser degree of 
accuracy, ' The 930-foot contour was the lower limit of clearing, and 
the 910-foot contour was the elevation of possible early hooding after 
the construction of the early stage cofferdam. One hundred and 
twenty-eight miles of 930-foot contour and 82 miles of 910-foot contour 
was mapped. 

Land acquisition maps 

The drafting of land acquisition maps began immediately after the 
survey work was started and was comxDleted in June 194:2. With six 
excexDtions, all maps were prepared on a scale of 1 inch=500 feet with 
insets of small tracts on larger scales. The six exceptions cover the 
town of Bandridge and the villages of Shady Grove and Eankin, 
which were mapped on the scale of 1 inch=100 feet, and the Pleasant 
Hill Cemetery, which was mapped on a scale of 1 inch=20 feet. 

Upon completion of the field property surveys, the plane-table sheets 
and aerial photographs, together with pertinent deeds and other sup- 
porting data such as subdivision plats, utility and highway right-of- 
way maps, etc., were delivered to the cartographic section. All tract 
boundaries, ownerships, subdivisions, etc., were again checked against 
deeds and other supporting data, and where the surveyor had not ac- 
counted for discrepancies the material was returned for a field check. 

Contours which had been mapped on photographs, after examina- 
tion under the stereoscope for discrepancies, v^ere transferred to the 
field plane-table sheets with a vertical map projector. After the field 
sheets had been checked they were traced in ink on 22- by Sl-inch cloth 
sheets. Copies of this series of first-stage land maps were then used 
for the designation of easement and fee purchase boundary lines. 
Prints of the land map showing the easement and fee purchase infor- 
mation were then sent to the field in order that the lines could be sur- 
veyed and staked on the ground. Upon completion, the field survey 
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notes, together with the copy of each land map used and marked up by 
the field organization, were returned to the computing office where 
bearings and distances along the purchase line and the coordinates of 
all corners were computed, all on the State plane^ coordinate system. 
This information was then added in ink to the tracing. 

The acreage of each individual tract, except those of regular shape, 
was measured by planimeter, the regular tracts such as parallelograms 
or triangles being computed from scaled or measured distances. An 
appraisal plat of each tract or partial tract affected by the easement 
or purchase line was also prepared. The acreage measurements and 
the drafting of appraisal plats were completed after the final informa- 
tion on the piii-chase boundary had been received from, the field. 
Bearings and distances on all tracts affected by fee and easement pur- 
chase, with the exception of those previously measured in the field, 
were scaled on the plane-table sheets and inked on the land-map trac- 
ings. Acreage measurements, broken down into such items as cleared, 
wooded, water, and miscellaneous, were tabulated. On the completion 
of all steps outlined above, a description was obtained of the fee 
and easement tracts to be acquired. 

PERMANENT MARKING AND SURVEYING OF RESERVATION 
BOUNDARY LINE ' 

Reservation boundary marking and surveys 

The practice of staking the boundary in advance of the preparation 
of the tract descriptions and acquisitions was followed on the Douglas 

E roject. This proved to be of considerable advantage to the land 
iiyers since they could more easily negotiate with the owners when 
able to point out on the ground the exact location of the severance or 
easement lines. A further advantage of using the transit-tape meas- 
ured bearings and distances along this outer boundary line in the deed 
descriptions was the elimitiation of differences between the deeds taken 
and final reservation maps, on which transit and tape-measured 
boundary corners are always shown. 

The locations of established severance lines were indicated on ad- 
vance copies of the land maps, and a surveyor, using this map as a 
guide, set a semipermanent marker at each corner of the boundary, 
adjusting the exact location of the line to take advantage of, and follow, 
any nearby natural boundaries, and to exclude or include any specified 
buildings and other improvements. These corners were then tied in 
by transit-tape traverse, which originated and closed on the reservoir 
traverse control stations. The computed bearings and distances of the 
boundary line between corners were shown on the land maps and used 
in the tract descriptions. Where easement purchase was used instead 
of fee-simple purchase, the easement contour was marked by orange- 
painted stakes of a semipermanent nature. After staking, this ease- 
ment line was checked on the land maps by plane table and/or inspec- 
tion for discrepancies in the original mapping or projection to the land 
maps. 

Marking the boundary line 

As the final boundary surveys were run, corners which could be 
immediately established were coordinated and marked by 1- by 1- by 
24-incb angle irons. Thos^ that could he only fentat'iYcly estab- 
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lislied at the time of the original survey, pending completion of 
computations, were temporarily marked, the final corners being later 
established by short azimuth and distance measurements (turn-outs) 
from the temporary corners. The final marking of the boundary will 
be accomplished by setting painted steel fence posts at each corner 
location, except that at approximately every mile, two adjoining and 
interyisible corners will be marked by the usual concrete corner posts 
with inscribed brcnze disks. Also, on each isolated fee-purchase tract 
two adjacent corners are marked by concrete corner posts. On the 
fee-purchase line witliin the town of Dandridge, every^ corner is 
marked by a concrete corner post. The lines, as distinguished from 
corners, will be marked by painting line and witness trees in wooded 
areas, and by intervisible wooden posts where the boundary crosses 
cleared land. All these line markers will he selected and located in 
such a way that from each mark the adjacent mark in both directions 
will be visible. 

Reservation maps 

The reservation maps indicate accurately the fee and easement 
boundaries, boundary corners, and the conditions existing within the 
reservoir areas after completion of the dam and reservoir construction. 
They are designed primarily for boundary data records to be filed 
in the appropriate county courthouses, for regional planning studies, 
and to facilitate the management and operation of the reservoir prop- 
erties. 

The maps are drafted in ink on tracing cloth sheets 22 by 34 inches 
on a scale of 1 inch = 500 feet, and follow* substantially the sheet lay-out 
of the land-acquisition maps. Reproductions on that scale are avail- 
able in each of three stages. Multilith copies on a scale of 1 inch = 1,000 
feet (sheet size 11 by IT inches) are also available for the third or 
C-stage map. 

In preparing the original tracing, the Tennessee State rectangular 
grid projection is plotted on each sheet and the reservation boundary 
corners are then plotted by coordinates. Land-map features shown on 
the reservation maps are traced directly, adjusted slightly where neces- 
sary to fit the plotted boundary data and other control. The dam, 
powerhouse, and other reseiwoir structures are then added, along with 
relocated highways, railroads, and transmission lines. The informa- 
tion is plotted and traced progressively in the three stages, A, B, and 
C, a transparent reproduction (scale 1 inch = 500 feet) being obtained 
on the completion of each stage, from which contact prints may be 
obtained as needed. 

Stage A shows the reservation boundary with corners, the reservoir 
shore line, the easement contours, existing roads and railroads, streams, 
buildings, timber cover, river improvements, boat docks, operating 
bases, etc. 

Stage B shows, in addition to information indicated on the stage A 
maps, the corner identification numbers and the bearings and distances 
of the boundary line tangents computed on the State rectangular grid 
projection. 

Stage C includes the addition of former individual tract boundaries 
between the reservoir pool and the reservation boundary lines. The 
tract numbers and the names of former owners from whom the various 
tracts were purchased were also added. Reproductions of the C-stage 
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maps may be obtained either on the drafted scale 1 inch =500 feet or 
on a scale of 1 inch =1,000 feet. A tabulated list of the boundary co- 
ordinates, computed on the State rectangular grid projection, is shown 
on the l-inch= 1,000-foot scale reproductions but not on the l-mch= 
500-£oot prints. 

ENGINEERING FOR RESERVOIR CLEARING AND RIM TREATMENT 
Pool contour marking 

The upper limit tor complete clearance of timber, brush, and other 
materials from the immdated area was set at elevation 1,002, To 
insure complete clearance of all fallen material, elevation 930 (5 feet 
below the draw-down level) was selected as the lower clearing limit. 
Elevation 910 was considered as the probable maximum to be reached 
by backwater as the result of the early-stage colferclain construction. 
These three contours were marked with levels of fourth-order ac- 
curacy, originating and closing on reservoir-level-control third-order 
benchmarks. Five hundred and sixty-five miles of pool contour (ele- 
vation 1,002) was marked; 192 miles along the main shore and 78 
miles around islands. One hundred and twenty-eight miles of lower 
clearing contour (elevation 930) and Similes of early flooding contour 
(elevation 910) were marked. 

Ill wooded areas a white band, approximately 2 inches wide, was 
painted on the trunks of trees, the top of the band being the clearing 
elevation. Through cleared areas the line was marked by white stakes 
at the correct elevation on the gi'oimd and by paint mai*ks on fence 
posts, buildings, and other structures when possible. Marks were 
always located so as to be intervisible, but were of necessity more 
closely spaced in wooded areas than on cleared land. In wooded 
areas ‘^fore and afF’ paint splotches were placed about 5 feet high on 
each marked tree to facilitate finding and identification of the marked 
line. The lower clearing contour ‘was marked in a similar manner, 
except that the levels were of somewhat lower order and red paint was 
used instead of white. 

Marginal marking for shore line clearing 

Along the wooded portion of the shore line, the narrow strip of 
terrain immediately adjacent to and above the clearing contour was 
marked in certain areas for partial or complete clearing in accordance 
with XVA specifications. In areas where bank caving from wave 
action was expected, complete clearing was extended from 10 to 20 
linear feet back of the 1,002-pool contour, the width of the cleared 
margin depending on the steepness of bank slope and the species and 
condition of the trees. The outside limit of this 10- to 20-foot-wide 
strip was indicated by marking the trees along its limits with splotches 
of red paint; this work was performed by a crew of two men im- 
mediately preceding the clearing operations. ' The previously marked 
clearing contour in the wooded areas was inspected, and any ob- 
literated or defective markings were freshened or restored. 

Rebrushing contour marking 

During the late fall of 1942, after the growing season was over, the 
992-el6vation contour was run out and mai^ked on the ground through 
all brush areas and cultivated fields. This was for the purpose of 
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marking the lower limit of the area (between the 992 and 1,002 con- 
tours) to be rebrushed and cleared of flotage. The 992 contour was 
traced out by fourth-order leveling, the marking was done by tying 
small strips of yellow flagging on brush, cornstalks, and such, directly 
above elevation 992 on the ground. At the same time, the 1,002-pool 
contour was remarked or repainted through these brush and cleared 
areas wherever it had become obliterated or dimmed. Approxi- 
mately 4:59 miles of the 992 contour was marked, and 36 miles of the 
1,002 contour v/as retraced or repainted. 

Timber clearing estimates 

Detailed and accurate estimates were prepared semimonthly. These 
gave the amount and types of clearing and other work performed 
during each half-month period by each clearing unit. The areas 
cleared and burned were usually planimetered from the land maps or 
the contour-mapping aerial photographs, but transit-tape surveys with 
computed areas were made of many small or critical areas. Also, 
proper allowance had to be made for such items as scattered trees and 
hedgerows. The clearing estimates and the progress status of each 
clearing operation were shown in detail on copies of the land maps. 
The estimates covered a total of 1,799 acres of regular clearing and 
burning, and 88 linear miles of bank clearing. 

Drainage surveys 

Engineering work was clone on 17 drainage projects. These 
projects were for the purpose of draining sink holes and similar areas 
located in the. zone between flood stage and the minimum draw-down 
elevation. The preliminary engineering work on each ’tentative 
project included preliminary line, profile, or topographic surveys, 
numerous probings for rock depths, plotting the results, and preparing 
a preliminary estimate. Each such project was then reviewed before 
construction was authorized. On each authorized project the final 
engineering work included laying out and staking on the ground, and 
supplying construction data for excavation work. On completion of 
each project a final survey and/or inspection was made, and coiTect 
excavation quantities were computed. Of the 17 drainage projects 
surveyed, 9 were constructed and 8 were abandoned. 

NAVIGATION MAPS 

hTavigation maps of the Douglas Eeservoir area were prepared. 
Since this project is located on the French Broad Eiver, a tributary of 
the Tennessee, and only .a limited amount of commercial navigation 
is anticipated, the charts were prepared similar to those for the Chero- 
kee project. Four-color lithographic reproductions are now available 
in three sheets on a scale of 1 inch—i/^ mile. They show roads, i^ail- 
roads, political subdivisions, the Tennessee Valley Authority purchase 
and easement boundaries, buildings, wooded areas, navigation aids, 
and the elevation 1,002, 960, and 940 contours, with areas between 
these contours indicated by varying shades of blue. 

Composite lithographic prints of the culture and drainage plates 
(culture in black, drainage in blue) of the 1 : 24,000 scale topographic 
quadrangle maps prepared under the valley-wide topographic map- 
ping program form the mapping base. To this base were added the 
1,002 contour, obtained from the land-acquisition maps, and the 960- 
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and 940-foot contours taken from tlie yalley topographic maps. Cer- 
tain place names and cultural information were enlarged, and the navi- 
gation information was added. All obsolete information was deleted. 
The base maps were made into composites covering the desired naviga- 
tion sheet area and photographed. Three blue-line prints of each 
chart were then obtained on metal-mounted sensitized paper to a scale 
of 1 inch =2,000 feet. These blue-line impressions were then inked— 
one for each color plate, red, blue, and green. Each of the color separa- 
tion sheets, including the original culture base, was photographed to 
a scale of 1 inch= 1/2 mile. Next, press plates were made and the final 
charts were reproclucecl in four colors by lithographic processes in 
the TVA’s reproduction shop. 

RELOCATION SURVEYS 


Cemetery surveys 

All cemeteries within the reservoir area were surveyed and plotted 
on a scale of 1 inch==20 feet, with 1- and 2- foot contours. Cemeteries 
were first cleared of underbrush and each grave marked by a stake 
with an identifying number assigned. Each grave was then plotted 
on the plat in its proper position, using symbols to indicate the condi- 
tion of the grave, type of markers, etc. Other useful data such as the 
name and nearest relative of each person buried was secured at the 
time. A total of 69 cemeteries (5,108 graves) was surveyed. The 
reinterment cemeteries were staked out by plane table from a plat on a 
scale of 1 inch =20 feet. 

Cemetery mapping 

Individual record plats were prepared (scale, 1 inch =20 feet) 
for all cemeteries requiring either disinterments or reinterments. 
Each grave was numbered on the plat and entered in a permanent 
record with the name of the deceased. Plats were made of 69 disinter- 
ment cemeteries (5,108 graves) and 93 plats were made of 54 reinter- 
ment cemeteries (2,449 graves) . 

Utility surveys 

All communication lines, power lines, and other utility structures 
affected by the reservoir were surveyed and plotted. All poles and 
structures were first located on the 1 inch =500 feet property survey 
sheets by the property surveyor. Positive photostats were then made 
of these sheets and they were returned to the field where elevations 
of the ground at each pole or structure were secured by alidade and 
plane table. A total of 41 pi*ojects, including 87 miles of lines, was 
surveyed. 

MISCELLANEOUS AND SPECIAL SURVEYS 

Dam base line layout and monumenting 

A local construction grid system was adopted for the layout of the 
Douglas Dam base line and i-eference lines. The base line was made 
the X axis with stationing increasing both downstream and upstream 
along the Y axis, which was located at right angles to the base line, 
approximately 1,200 feet northwest of the center line of the river. 
Station numbering along the X axis (base line) extended south- 
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easterly and nortliwesterly from the Y axis. Thus, each monument 
or point was referenced by two station numbers which had a direct 
relation to all other points or monuments in the layout. 

First-order control methods were used in establisliing the layout. 
Four monuments were set on the base line, two on each end approxi- 
mately 150 feet apart and beyond the construction limits. Three offset 
ranges were also requested, one 400 feet downstream and two upstream 
at 400 and 800 feet from the dam axis. The station numbering of 
the base line was established by first-order triangulation and chaining. 
Peiq^endicular offset lines were then established, all angles being read 
with a 20~second repeating theodolite or a 1-second direction theodo- 
lite. Twelve readings were made on eacli angle, six with the telescope 
direct and six with the telescope inverted, the mean of the twelve 
readings being the measure of the angle. Offset chaining of first- 
order accuracy was done along these perpendiculars to establish the 
correct position of the offset ranges. 

In addition to the four monuments set on the base line, four were 
set on the 400-foot downstream range, six on the 400-foot upstream 
range, and three on the 800-foot upstream range. Four additional off - 
range monuments were set for preserving the stationing along the base 
line. The positions of all monumented points then were checked by 
precise triangulation. After all chaining and triangulation had been 
computed and adjusted, the final positions were indicated by punch 
marks on the monuments. Finally, the layout was tied in to the state 
coordinate system (Tennessee Lambert projection) by third-order 
traverse run from the reservoir horizontal control net. 

To maintain a high degree of accuracy for the control of construc- 
tion, level work of first-order accuracy was used in establishing the 
elevation of monuments, even though the benchmarks were on a 
second order net. 

A total of 21 monuments was set in the dam site area. All were con- 
creted in place with a standard TVA bronze tablet embedded in the 
top. Each monument was about 1 foot in diameter at the top and 
approximately 3% feet long, projecting approximately 2 inches above 
the ground surface. The horizontal control ]yomt was precisely indi- 
cated on each tablet by a small punch mark. A substantial wooden 
fence was built around each monument for protection, and the desig- 
nation and elevation of the monument was painted on the fence. 

Silt range surveys 

Surveys were made to establish 50 ranges for the future measuring 
of silt deposits in the reservoir area, the ranges being marked at each 
end with concrete monuments. The horizontal position and elevation 
of each monument was established by traverse and levels of third- 
order accuracy, and a profile was run along each range. These pro- 
files were plotted, and a periodic check will be made by soundings to 
determine the amount of silt deposits. 

Surveys for tributary channels and boat bases 

Engineering work was performed for establishing and marking 
small boat channels along the tributary streams. This work consisted 
mainly of determining and staking the locations for the channel 
markers and the preparation of estimates of grading quantities and 
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the bills of material for the purchase of the markers. In small streams 
and canals the small boat channel routes -were marked on the left side 
only (facing downstream) by posts planted 3 feet in the ground and 
of such height that about 3 feet would project above the water surface 
at full pool. Large-scale topographic and other detailed iirformation 


Table 35 . — Summary of surveying 


Basie control: 

Traverse (WPA), third-order accuracy- 

Levels, third-order accuracy-- 

Aerial photographs: 

Area photographed 

IT umber of photographs 

Enlargements to 1 inch— 500-foot scale. 
Enlargements to 1 inch= 833-foot scale, 
Engineering for land acquisition : 

Property ownership reconnaissance 

Land tracts surveyed 


Miles 

209 

209 


Square miles 

410 

Photographs 

260 

249 

249 


Acres Tracts 

82, 165 1, 244 
72, 039 1, 280 

Deeds 


Deeds copied. 


Elevation 


2, 066 
Miles 


Contours surveyed and plotted on aerial photographs: 


1, 007 612 

1, 002 565 

930 128 

910 82 


Land maps drawn: Maps 

Scale 1 inch=500 feet 53 

Scale 1 inch=100 feet 5 

Scale 1 inch =20 feet 1 


Permanent marking and surveying of reservation boundary 
line: 

Boundary traversed by transit tape 

Elevation 1007 easement contour staked 


Acres Tracts 

71, 870 1, 079 

169 201 

3 1 

Corners 
Miles coordinated 

35 675 

405 


Plats 

Reservation plats drawn None 

Scale 1 inch=500 feet ^ 55 

Scale 1 inch= 100 feet ^ 5 

Engineering for reservoir clearing and rim treatment: Miles 

Elevation 1002 clearing contour marked ® 565 

Marking for marginal clearing "159 

Elevation 930 draw-down contour marked. 128 

Elevation 910 early flooding contour marked 82 

Elevation 992 rebriishing contour marked 469 

Elevation 1002 contour, remarking 36 

Acres 

Clearing estimates 4, 799 

Projects 

Preliminary drainage surveys 17 

Final drainage layout surveys ‘ 9 

Cemetery relocation surveys: Cemeteries Graves 

Surveyed and mapped 69 5,108 

Removal and remain agreements secured 2, 689 

Maps drawn: Maps 

Disinterment — scale 1 inch=20 feet . 69 5, 108 

Reinterment — scale 1 inch=20 feet 93 2, 449 

Utility relocation surveys: Miles Projects 

Surveyed- l 87 41 

’ Estimated totals. 

2 4fl2 miles main shore line, 73 miles islands. 
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for malaria control boat bases, for canals, and for other proi:)Osed 
navigation improvements were made as requested. 

Special topographic surveys 

Numerous large-scale topographic surveys and maps were completed 
at various sites within the reservoir area for a variety of purposes, 


and mapping activities 

Afonu- 

ments Feet 


Dam site layout : axis layout and monumenting ^ 21 10, 000 

Silt range surveys: Miles 

Monuments set 99 

Levels to monuments 99 55 

Traverse to monuments 99 41 


Ranges 


Profiles 50 

Soundings 38 


Number 

oS 

sheets 

- 7 
„ 1 

- 4 
. 11 

7 

4 


Scale 

1 inch: 

1 inch 
1 inch: 

1 inch= 100 feet- 2 feet 
1 inch=200 feet- 4 feet 
1 inch= 100 feet, 


Contour interval 

100 feet- 2 feet, 4 feet 

200 feet- 10 feet 

500 feet- 10 feet 


1 inch= 100 feet- 2 feet, 4 feet- 


Area 

mapped 

acres 

251 
123 
3, 537 
182 
730 


Topographic maps : 

Dam site 

Do 

Do. 

Dike site 

Do 

Dandridge flowage 4 1 inch= 100 feet. 1 foot, 2 feet 

French Broad Baptist 

Church and vicinity.. 1 1 inch =20 feet.. 2 feet 

Boat harbor No. 1 1 1 inch=50 feet.. 1 foot, 2 feet 

Boat harbor No, 2 1 1 inch=50 feet.. 1 foot, 2 feet 

Trailer camp site 1 1 inch— 100 feet. 2 feet 

Dam site coast guard 

base 

Miscellaneous surveys : 

Soundings and probings of 19 ranges in cofferdam and bridge crossing area 
at dam site. 

Seven United States Coast and Geodetic Survey monuments reset and second- 
order levels run over them to* replace monuments that would be destroyed 
by construction or flooding. 

Surveys of navigation hazards in reservoir such as silos, bridges, bridge piers, 
and other obstacles. 

Plane-table check of 1 inch— 500 feet multiplex topography in dam-site and 


74 

3 

1 

5 

38 

17 


saddle-dam area. 

Miscellaneous maps : 

Utility relocation : 

Index of lines in reservoir, scale 1 incli = ^ mile. 

Index of lilies in reservoir, scale 1 inc]i=Tmile. 

Index of relocated lines in reservoir, scale 1 inch= 1 mile. 

Malaria control: 

Malaria control map, scale 1 inch“2,000 feet. 

Malaria control map, scale 1 inch=8,(300 feet. 

Index of drainage projects, scale 1 inch=l mile. 

Construction layout for two boat bases, scale 1 inch=50 feet. 

Composite map of clam-site area, scale 1 inch =1,000 feet, made of four sheets 
(scale 1 incli=500 feet) of multiplex base maps showing strip topography of 
dam-site and saddle-dam area corrected in critical areas by plane-table 
topography. 

Silt range index map, scale 1 inch=l mile. 

Land map Index map, scale 1 inGli=l mile. 

Cemetery index map, scale 1 inch=l mile. » 

Control index map, scale 1 inch=y 2 mile. 

Map showing, dam axis layout and monumenting, scale 1 inch=200 feet. 


* Plrst-ordfir chaininc. 



THE DOUGLAS PROJECT 


274 


all by plane table. Briefly summarized according to tlie mapping 
scale, the acreages covered are as follows : 


Scale: 

1 iacli=20 feet- 
1 incli=50 feet- 
1 iach==100 feet 
1 inch— 200 feet 


Acres 
_ 3 

- 6 

- 563 

- 671 


Utility relocation maps 

JN’o special plats were prepared of the utility structures affected by 
the reservoir. However, their position, ownership, and other pertinent 
data were shown on the Douglas land-acquisition maps.^ In addition, 
approximately 21 exhibit drpvings for use in conveying easements 
and right-of-way for the utility relocations were made. Approxi- 
mately 15 miscellaneous exhibit maps for use in contracts, etc., were 
drawn or prepared by compilation and reproduction. 

Miscellaneous maps 

Dor this project, various types and kinds of maps and plats were 
prepared, such as index maps, condemnation jDlats, etc. Among these 
special maps were two malaria control maps, scale 1 inch= 2,000 feet, 
and one malaria control map, scale 1 inch =8,000 feet, covering the res- 
ervoir and vicinity ; the latter was a photographically reduced film of 
a composite of the first two. 

LAIVD PURCHASE CONTROL 


The land purchase program began immediately after authorization 
of the Douglas project, January 30, 1942. It was necessary to com- 
plete land acquisition surveying and mapping, determine the extent of 
land requirements, and prepare formal approvals (including legal 
tract descriptions) for an entire reservoir area within a period of 6 
months. With the exception of the usual clean-up work and curative 
problems, the job was actually completed in 5 months. 

For the dam site and reservoir proper, excluding rights-of-way for 
appurtenant construction and temporary construction rights, approv- 
als were issued for the acquisition of fee title or flowage easements on 
approximately 1,000 tracts totaling 33,000 acres. 

On the Douglas project the land acquisition policy provided that 
the purchase of lands for reservoir purposes should be limited to the 
minimum appropriate for the project. In general, lands lying above 
the zone of reservoir fluctuation, designated elevation 1002 (pins ap- 
propriate backwater considerations) , were not to be jpurchased in fee 
simple. At the same time, however, provision was made specifically 
for additional purchases in fee simple for certain clearly designated 
reasons, as follows : 

It is hereby declared to be the policy of the Board (TVA) to limit the purchase 
of land for reservoir purposes to the minimum appropriate for the particular 
project In general, land lying above the jzone of reservoir fluctuation shall not 
be purchased in fee simple, except where it is found that such purchase is 
necessary or expedient — 

(a) to avoid impracticable severance, isolation of property, or dispropor- 

tionate road relocation costs ; 

(b) to protect the reservoir or the property, equipment, and interests of the 

TVA or the United States ; 

(c) to take care of authorized programs which are incidental to the general 
' construction programs. 
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In other cases where it is is fonncl necessary or expedient to purchase any 
interest in such lands in order to discharge a legal liability for intermittent flood- 
ing or other damage resulting from the construction ox operation of the reservoir, 
or in order to permit the TVA to carry on operations essential to the construction 
or operation of the reservoir, such purchases whenever i3racticahle shall be by 
appropriate easements, Avhtcli shall safeguard the interests of the TVA and the 
United States. 

To avoid construction of substitute roads which would have cost 
several times the value of the lands to be served, contractual arrange- 
ments were entered into with Jefferson County whereby the TVA 
agreed to indemnify the county against any and all liability for dam- 
ages claimed by individual owners for complete or partial loss of 
access facilities. Under this procedure, although certain of the more 
important through roads were constructed by the TVA, rather large 
areas on peninsuks and along the rim of the reservoir were left com- 
pletely isolated from road access. To avoid acquiring this isolated 
land, the TVA purchased from the owners damage releases intended 
to relieve both the TVA and 'the county of further liability. It is 
estimated that in Jefferson County, which contains approximately 
three-fourths of the reservoir, access damage releases were secured on 
about 9,000 acres. 

As a result of the restrictions imposed in connection with acquisition 
of fee title, only about 2,400 acres of land above the surcharged pool 
level was approved for fee purchase. Most of this acreage is com- 
posed of the dam site area and large islands formed by the lake; the 
remainder was principally areas required for construction purposes, 
the access railroad, and departmental programs. 

Since a large percentage of the reservoir rim is rough wooded hill- 
sides, the costs of road replacements were, in many cases, prohibitive, 
particularly on the south, side of the river. It Avas necessary, there- 
fore, to secure access damage releases for a cash consideration, either 
as a supplement to the flow age easement or through a separate acqui- 
sition if no part of the property would be flooded. 

Access questions became a major consideration in the acquisition 
program. Since the purchase of flowage easements rather than fee 
title on lands above the surcharged reservoir was mandatory, as a gen- 
eral rule, discretionary variations in types of acquisition employed 
were very limkkl. It was necessary, hoAvever, to follow the pro- 
cedures worked out and developed on previous projects iii the process- 
ing of land tracts affected by the reservoir. Detail field inspections 
wm'e made, and in addition to noting the means of access used by each 
property and the extent to which it would be affected, information on 
farm operating methods, land usage, and the approximate value of 
improvements was shown on preliminary copies of the land maps. 
Justification for tertiary road construction was determined on the basis 
of comparative costs and the agricultural possibilities of the lands 
involved. 

The ordinary date of possession for reservoir lands on the Douglas 
project was December 1, 1942, providing sufficient time for completion 
of the reservoir clearance and family removal programs before closure 
of the dam. Studies made by the hydraulic engineers indicated, how- 
ever, that construction of the river channel by cofferdams would create 
a hazard to life and property if discharges of considerable size 
occurred during the construction period. It was estimated that a 
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flow with an average frequency of once in 9 years would reach eleva- 
tions ranging up to 910 between April 15, 1942, and completion of the 
project. Also, a flow of lO-year frequency would flood to elevations 
varying from 915 (prior to ITovember 1) to 940 (after November 1) 
within the same period. Thus, in the lower reaches it was necessary to 
provide for |)rotection against damages for which the TVA would 
have otherwise been liable even after acquisition of fee title or flowage 
easements had been negotiated. The matter was handled by specify- 
ing that the right to flood should become effective on all land below 
elevation 910 on April 15, that removal of all habitable buildings below 
elevation 915 by April 15 should be required, and that removal of all 
such buildings located between elevations 915 and 940 by November 1, 
1942, should be required. Although it was realized that damage to 
crops above elevation 910 during the summer was a slight possibility, 
the additional cost of securing early possession to a higher level was 
not considered justified — a conclusion borne out by actual conditions 
of flow occurring previous to the final date of possession. Special 
forms of purchase contract were prepared by the TVA to cover the 
early flooding contingencies. Approvals issued specified which tracts 
required the special forms, set out the acreage involved (below eleva- 
tion 910) , and identified buildings to be removed by April 15 and/or 
November 1. A total of 139 tracts was involved, and early possession 
or flooding rights on nearly 2,200 acres of land was secured. Arrange- 
ments were made for the marking of the elevation 910 contour with 
blue-colored stakes as an aid in making appraisals and negotiating 
with the property owners. Also, the contour was shown on the land 
maps and the affected buildings w^ere indicated. 

The major individual holdings within the reservoir area were the 
lands owned by large canning corporations. A total of 15 |)ercent of 
the acreage approved for fee or flowage easement acquisition was 
owned or controlled by these companies and their affiliates. Most of 
this land was used for growing vegetables for local canneries and 
averaged in value well above agricultural holdings of comparable size 
encountered previously in the valley. These vegetable lands were 
confined to the river bottoms which contrasted sharply with the thin 
soil of the adjoining ridges. In the loTrer reaches the bottom lands 
were completely covered by the lake, but in the upstream region only 
portions of the bottoms were inundated, and every effort was made in 
this section to leave in production all land not required for operation 
of the reservoir. 

After the decision was made to protect the town of Dandridge, 
Tenn., by construction of a dike, detail studies were begun in order to 
establish the limits of acquisitions required for the levee, pumping 
station, storm water storage basin, two diversion dams, and diversion 
conduits. The sites for the dike, the pumping station, and the diver- 
sion dams were approved for fee purchase 5 permanent easements were 
approved for the storage basin (flowage) and two diversion conduits. 

necessary to secure temporary easements over strips 
of lancl adjacent to the conduit rights-of-way for storage, spoil banks, 
and other construction purposes, and also for a temporary access road 
to a borrow pit used m connection with the levee construction. During 
the time tha^lans were^ing developed for the backwater protection 
project, the Dandridge Planning Commission, with the assistance of 



HESERVOIR PREPARATION 


277 


the state planning, commission and interested visisions of the TYA, 
was studying the question of water-front adjustment. Upon final 
selection of the dike location, a definite plan was agreed upon and the 
land was approved for purchase. 

A condensed summary of acquisition^approvals for lands, easements, 
and other rights required for the Douglas project is given in table 36. 


Table 36 . — Summary jor acquisition approvals for lands, easements, and other rights 
® required for the Douglas project 


Typu of acquisilion 

Tracts 

Acres 

Fee simi.>le: 

Dam site and access railroad, 

41 

1,209.44 

8, 860. 991 

Reservoir and .special uses 

3f)4 


Total fee simple 

405 

10, 070. 431 
23, 093. 77 

89.90 

Flowase casements 

B18 

lyiisecllaneous: 

Permanent easements 

48 

Temporary easements and permits 

37 

Railroad right of way: 

Permanent easemcirts 

5 

4.45 

T-. :•' ■cements 

7 

I'eriiiaiieiiu easements _ _ . . 

250 

441, 98 

Temporary construction rights , _ 

20 



Total approvals 

1.390 

33, 700. 531 



Less than one-fourth of all the land purchased in fee lieg above the 
surcharged pool level, and the majority of this was either required 
for the dam-site reservation or located on islands. Other lands were 
acquired for the access railroad, the nine saddle dikes constructed along 
the divide between the Valleys of Flat Creek and Millican Creek, the 
public access areas, the I’elocation of tracks and pumping facilities of 
the Southern Railway Go., the backwater protection works at the town 
of Dandri dge, the malaria-control bases, and a few farm remnants. 

LAND ACQUISITION 

A total of 33,583.78 acres of land and rights in land was acquired 
for the Douglas project (table 37). Of this acreage 93.1 percent was 
purchased by voluntary transfer, 4.0 percent was condemned in order 
to obtain good title, and 2.9 ])ercent wuxs condemned because of refusal 
to sell at the appraised price. 

Prices to be paid for land were fixed by TVA's appraisal staff. No 
price trading was permitted to enter into the negotiations, and the 
property could not be purchased for more or less than the figure set 
by the appraisal staff. In determining price ranges for various types 
of land all possible available information affecting land values was 
considered, including previous sales, local opinions of value, prices 
for croi.)s and produce, rental terms, crop yields, and soil types. Price 
schedules were established for the various land classifications and 
other items of value comprising the properties to be acquired in order 
that .equable pi-ices be fixed. TVA sought to acquire the land at prices 
which would enable the owners to relocate and reestablish themselves 
in a manner that. would afford them satisfaction equal to that which 
they were then enjoying. 

794091 — 4:9 19 
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Concurrently with the appraisal work, abstracts of title were maae 
and examined, curative field work was performed, and contracts were 
prepared for execution. Negotiations were then conducted with each 
owner for the conveyance of his property. After execution of a 
contract, all defects in title wer^ cleared, payment made, and the deed 
for the property recorded. The transaction was usually closed within 
30 days after execution of the contract. 

Possession of about 2,000 acres lying below the 910 contour 
required April 15, 1912, and it was necessary to make allowance in 
the appraisals for the value of growing crops on this acreage. On 
the remaining reservoir property, however, landowners were permitted 
to retain possession until December 1, 1912, which was shortly before 
inundation and after the harvest season, thus avoiding liability on 
the part of TVA for crop damages. The owners were also permitted 
to remove buildings and other improvements not needed by TVA, since 
the appraisal considered salvage value. 

TYA^s acquisition policy for this project required the purchase of 
the fee interest in the dam-site area, the right-of-way for the access 
railroad, tracts located entirely below pool level, and some lands re- 
quired for special use. Unliiuited flowage rights were acquired on 
the remaining properties below the 1,007 contour which was 5 feet 
above the elevation of the top of the spillway gates. Very few mineral 
deposits were found in the area. Table 37 gives a summary of land 
purchases RvS of June 30, 1946. 


Table 37. — Summary of land purchases for the Douglas project as of June 30, 1946 


D istribution of land purchases 1 

Tracts 

Acres 

^'otal land and 
improvement 
cost 

Average 
cost per 
acre 

Pee (Reservoir and Railroad). 

403 

ei4 

253 

10, 057.23 
23, 072.27 
454.28 

$1, 837, 542. 07 
4, 534, 095. 54 
51,001.66 

$182. 71 
196. 52 
112.27 

Flowage easement 

Highway easement 

Total or average j 

1.270 

33,583.78 

6, 422, 639. 26 

191.24 



cost of 72 miscellaneous rights, such aa restricted use agree- 
chargk^fo easemwnts, amounting to $20,307.07 ^antl 


The average cost per acre of $191,24 is the highest of any TVA 
reservoir acquired up to the time of the completion of the Douglas 
project. The principal factors contributing to this high cost were : 
(IJ ihe location of the reservoir in an area especially adapted to large 
scale intensive vegetable production, (2) the unusually high propor- 
tion of reservoir land suitable for and devotecl to such vegetable pro- 
auction, (3) the large number of substantial improvements of the 
ettey types and quality in the reservoir area, (4) the severe severance 
situation necessitating inclusion in the awards of large amounts for 
severance damages to mipurdiased remainders and (5) a sharply 
rising farm real estate market. ' ^ 

The area had been particularly developed for intensive vegetable 
production as a result of the proximity of a number of canning plants ; 

Stokely Brothers & Co. 
f nd Bush Brothers & Co. These concerns, in addition to owning and 
operating large areas of land for supplying their canneries, leased 



RESERVOIR PREPARATION 


279 



other substantial areas for the same purpose and encouraged the farm- 
ers in the area to grow specified vegetables under contract for delivery 
to the canneries. The specialized farming involved in the intensive 
growing of vegetables required constant soil imx^rovement by liming, 
fertiliziiig, soil building crops, tile drainage, and in some instances the 
installation of overhead pipe irrigation systems. Two to three crops 
of different vegetables were produced in succession during the growing 
season. 

Of the total acreage acquired, 84 percent was cleared agricultural 
land, and of this cleared agricultural land 58 percent was comprised 
of river bottoms, creek bottoms, and terraces. A substantial propor- 
tion of the soil on these bottom and terrace lands was sandy silt 
loam, an excellent vegetable growing soil. The value of the cleared 
bottom and terrace lands ranged as high as $850 per acre; 5.8 percent 
was valued at over $300 per acre, 40.7 percent ranged in value from 
$210 to $800 per acre, 49.5 percent from $100 to $200, and only 4.0 
percent was valued at less than $100 per acre. The average per-acre 
cost of the cleared bottom and terrace lands was $201.40; their total 
cost represents 45 percent of the grand total cost of the reservoir. 
Bordering the broad bottom lands were steeply rolling hill lands or 
knobs of considerably lower fertility and value than the bottoms ; only 
a small proportion of such lands was included in the purchase area. 

The total cost of the improvements, which averaged $38.08 per acre, 
represents 20 percent of the grand total reservoir cost. Most of the 
farmhouses were of substantial modern construction, barns were large 
and soundly constructed, there were a large number of concrete silos, 
and fields were well fenced, Part of the cost of improvements was 
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for I’ural community residences^ stores, filling stations, schools, 
churches, and grain mills. • t ' j? 

Severance damages to the uiipurchased remainclers of reservoir 
properties averaged $30.62 per acquired acre, or 16 percent of the total 
cost of these properties. The severance line included practically no 
overpurcliase above the reservoir high water level. The remainders 
not purchased were left in iiTegular shapes and in many instances cut 
into several parts by projections of the reservoir 5 access to most of the 
remainders was impaired or totally destroyed; and there 'was very 
little land suitable for growing crops on the remainders, with the re- 
sult that the majority could not be used for efficient farming opera- 
tions. All these factors contributed to the high" cost of severance 

damages. ^ 

According to the Farm Keal Estate Index, farm rdal estate 111 Ten- 
nessee advanced in value approximately 9 percent from March 1, 1941, 
to March 1, 1942, and values continued to rise throughout the acquisi- 
tion program. It was necessary to give consideration to this sharply 
rising real estate market in determining the cost of the properties 
acquired. 

The reservoir area was easily accessible over a network of paved 
federal and state highways and improved county roads. It had 
adequate rail, motor freight, and bus service to large urban markets, 
within a convenient distance of the area, where supplies were obtain- 
able. Good schools and churches were advantageously ] ocated through- 
out the area; and telephone, electric, mail, and rolling store services 
were generally available. 

Expense of land acquisition, including appraising, buying, abstract- 
ing, title examination, closing, and the general administrative and 
clerical work amounted to $298,160.39 at June 30, 1946. 

LOCAL GOVERNMENT FINANCE 

The land purchased by the TVA for the Douglas Reservoir was 
formerly assessed for tax purposes at a total valuation of $1,567,070. 
This amount represented 5.9 percent of the aggregate tax base ^ of the 
four counties affected. On the basis of the average of tax levies for 
the last 2 years the property was iii private ownership, this removal 
of real estate from the tax rollsa^educed annual county revenues from 
ad valorem taxes by the total amount of $40,433. This was only 3.0 
percent, however, of total annual revenues ^ from all sources in the 
four counties, since the property tax supplied only about one-half of 
the counties’ total income. Receipts from the state in the form of 
grants and shared taxes provide most of the counties’ revenues other 
than those from local property tax levies, and the former were little 
affected by the TVA’s land purchases. Except for a number of tracts 

2 The base for measuring: this reduction in the assoKsed ynluntion of tiixahlo property 
in each county is the total asseKsiiient for the last tax year prior to the date when remova’i 
of property from the tax rolls began as a result of TV A Phrehase of land for the Cherokee 
or Poufflas prelects. Thna, the base year is 1940 for Hamblen and .Tefforson Counties 
t which were affected also by the Cherokee project). 1941 for Cocke, and 1042 for Seyier. 
The former assessed valuation of TVA-purchaaed land is the assessment for the last year 
the land was actually subject to tax. 

i Total revenues for the tiseal year ending August 1*041, for Cocke, HamWen. and Jef- 
ferson Counties, and 1942 revenue data for Sevier County are taken as the base for com- 
puting this percentage and those in the last column of the tabulation, p. 281. These years 
are the last for which data are available before the revenue effects of TVA clam construction 
became notlceaDle in the respective counties. 
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in tlie town of Dandridge, all the land purchased hj the TVA was 
rural and assessed for taxation on an acreage basis. The assessment 
of personal property and public utility properties was not materially 
affected. Detailed data on tax losses, by counties, are shown in the 
following tabulation. 



Former assessed valuation 

County tax levy on 


of TVA-purchased lancl 

TVA-purehased land 

OotiBty 







Percent of 


Percent of 


Amount 

total county 

Amount 

total county 



assessment 


revenues 

Cocke , 

$376, 390 

5.2 

$9,483 

2.5 

HamblGH-- s 

54, 160 

.7 

1,167 

.4 

Jefferson 

1,061,760 

14.3 

26, 226 

7.2 

Sevier— 

74, 760 

2.0 

2, 557 

. 7 

Total or average 

1, 667, 070 

5.9 

40,433 

3.0 


The annual property tax levy of the State of Tennessee on TVA- 
acquired lancl was $1,250; and the total assessment of land acquired 
inside Dandridge was only $12,000, resulting in an annual reduction 
of city property taxes of about $150, or 6 percent of total revenues. 

TVA payments in lieu of taxes 

Under' the provisions of section 13 of the TVA Act, as amended by 
the Norris-Sparkman bill in June 1940, the TVA makes payments in 
lieu of taxes to the states and counties in which it owns and operates 
power property, including dams and reservoirs. The total payment 
in any year is based upon a percentage of the TVA’s gross revenues 
from the sale of power during the preceding year, the rate gradually 
dropping downward from 10 j^ercent for the fiscal year ending June 30, 
1941, to 5 percent for the fiscal year 1949 and each year thereafter. 
One-half of the percentage payment is distributed among the several 
states in x^ropo'rtion to the book value of TVA power prox3erty located 
within the respective states, and one-half is distributed in proportion 
to the revenue from the sale of electric power by the TVA in the 
respective states. A minimum guaranteed payment is provided for 
each state equal in amount to the 2-year average of state and local 
property taxes formerly levied on power property purchased by the 
TVA and on that portion of reservoir lands allocated to power pur- 
poses. A direct payment is made to counties equal to the county and 
district ]iortion of the former prox)erty tax as defined above; the 
amount thus paid to counties within each state is deducted from the 
payment otherwise due the respective state governments. 

. With resjoect to all the main-river dams and the first two tributary 
storage projects comx)]eted and added to the TVA multiple-purpose 
system, the TVA allocated 40 percent of the cost of reseiwoir lands to 
power purposes. Construction of the Douglas project, however, was 
authorized by Congress as a part of an emergency pi^ogram to provide 
additional power urgently required due to the war emergency. The 
Douglas project is a multipurpose project which was operated for 
power purposes as long as that method of ox)eration was required 
to meet war power commitments. While so operated, its entire cost 
was charged to power. Near the end of the war, as the period of 
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critical war power demand ended, the cost of the emergency projects 
was reallocated in accord with the normal multiple-use principles 
governing TVA dam operations. 

As a consequence of the cost-allocation policies discussed above, the 
TVA replaced — ^up to June 30, 1945 — the entire amount of county 
property taxes lost because of acquisition of land for the Douglas 
project. Beginning with fiscal year 1946, however, the county pay- 
ments were adjusted to the basis of 40 percent tax replacement in 
accord with the permanent allocation of reservoir land cost to power 
purposes on the books of the TVA.® 


RESERVOIR CLEAREXG 


Reservoir clearing activities on the Douglas project were started 
February 2, 1942, and were rushed to completion by February 19, 
1943, when closure of the dam was made. Operations were carried 
on under a high-pressure schedule on a 6-day 48-hour workweek. 
Despite rationing, manpower problems, and other wartime limita- 
tions, the job was done in an entirely satisfactory manner. The 
terrain which had to be cleared was principally semimountainous and 
in a predominantly agricultural section. The timber to be cleared 
consisted of the various species of mountain timber, most of the 
merchantable quantity of which had been cut and removed from the 
area constituting the reservoir proper. Some merchantable timber 
located in the more remote and inaccessible areas still remained. 
Along the stream banks there was generally a fringe of large over- 
hanging timber, principally of species with little or no commercial 
value. The actual wooded areas cleared and prepared for flooding 
amounted to 5,182 acres. 

The task of producing large quantities of cofferdam logs and lumber 
for dain-construction needs was launched immediately upon author- 
ization of the project and kept pace successfully with dam construc- 
tion. Operations produced 5,800,000 hoard feet of lumber sawed and 
delivered to the dam and 47,118 logs delivered for cofferdam con- 
struction. The most of this timber was purchased from land sur- 
rounding and outside of the reservoir XDroper. 

The field office at Morristown, Tenn., from which the Cherokee 
clearing activities were conducted, was suitably situated geograph- 
ically for the Douglas work and therefore this office was retained. A 
superintendent was placed in charge, who reported directly to the 
division superintendent in the administrative office, Chattamioga, 
Tenn. Assigned to the superintendent was a staff of assistants who 
directed the various phases of field work on the project, and a chief 
clerk directed the accounting, timekeeping, warehousing, and the 
general business affairs relating to the project. 

Foremen and supervisors turned in daily to the office time reports 
for men working under their supervision. The workmen also were 
spot-checked on the job by a timechecker to assure proper time report- 
ing and payment for time worked by the workmen. Reconciliation 
was made between the supervisor’s time report and the time checker’s 
spot-check report and discrepancies were adjusted. The time 


counties affect^ by the Douglas Reservoir also receives payments in replace- 

thIrW tbe 
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checkers also delivered payroll checks to workmen on the joh on 
pay days. Pay day was every 2 weeks. Time checkers were fur- 
nished pick-up trucks for travel between the office and the reservoir 
area in which they transported tools and field supplies needed by 
various crews of workmen. 

Financial statements and cost analyses were prepared monthly. 
Cost and progress reports were prepared daily. ‘ Such other reports 
as force, attendance, etc., were prepared daily and as required. Needs 
for materials and supplies were anticipated, and requisitions for pur- 
chase were initiated as required. 

In close proximity to the project office were field offices maintained 
by other divisions of the TVA engaged on the Douglas project. A 
close coordination was maintained between the superintendent and 
the representatives of these contacting divisions on the project. 



1942 


1943 


Figure 132.^ — Reservoir clearance personnel. 


Because of the emergency nature of the Douglas project, there was 
no opportunity to purchase land or obtain right of entry thereon prior 
to the start of construction. Because of this situation, practically all 
the lands in the reservoir area were entered upon for clearance pur- 
poses simply by obtaining permission from the landowners. The 
people of the reservoir area were friendly and cooperative, and little 
difficulty was encountered in securing permission to clear and remove 
timber from the lands. 

In the selection of workmen for reservoir clearance work, farm labor 
was used to the greatest possible extent because that type of labor is 
more familiar with the use of edged tools and the hazards of timber 
and woods work. White labor altogether was employed on this project 
since there was an insufficient amount of Negro labor in the area from 
which a clearance unit could be recruited. The peak of employment 
on the project was 593 and was reached in May 1942. Because of the 
urgency of completion of the project at the earliest possible time a 
6-day 48-hour workweek schedule was put into effect from the start. 

The. greatest precautions were taken to avoid accidents on the job. 
In spite of the hazardous nature of clearance work, lost-time accidents 
were kept at a minimum. Of a total of 921,071 man-hours worked, 
there were 14 chargeable injuries and 657 man-days lost. There were 
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no fatal injuries. The accident frequency rate for the clearance 
project was 15.2,^ and the severity rate was 0.60.^ 

Types of clearing 

Complete clearing was carried out between elevations 1002 and 930. 
Within this draw-down area clearing was classified as regular clearing 
and totaled 4,044 acres. Below elevation 930, standing timber which 
extended above elevation 930 was felled and wired in place and was 
classified as wiring down. There were 354,6 acres of wiring down. 
Timber cleared along 81 stream-bank miles, involving 783.4 acres, was 
classified as bank clearing. 



1942 1943 

Figure 133 . — Reservoir acres cleared. 

A unit foreman was in charge of each clearing unit. A regular 
clearance unit was comprised of 3 labor foremen, 1 saw filer, 1 ax filer, 
1 clerical first aid laborer, 1 timber jack, 50 to 60 laborers, and snaking 
teams as required. 

Kegular clearing is that other than along stream banks or vdiere 
mechanical equipment is not required. A regular clearing unit was 
subdivided into thiye components, namely, a bush hook and ax crew, a 
saw crew, and a piling crew, each under the supervision of a labor fore- 
man. The bush hook and ax crew cut and piled the underbrush and 
small timber; the saw crew felled the larger timber. In fellino- the 
arge timber, all merchantable logs were cut into stock lengths and 
left for removal and production into lumher. The piling crew with 
mule teams piled all the remaining timber and debris, leaving the area 

® rhiirp-tViblf- ’njiirif-.-- in'v man-hours worked. 

^ J lays ICS : iM't ir:!'.!*. worhed. 
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ready for burning, witli tile exception of merchantable timber which 
may have been left for removal and production into lumber. 

Wiring down is more economical than complete clearing, and after 
imponndage the area is permanently inundated, out of sight, and of no 
further interference. For anchorage, No. 8 annealed steel wire was 
used. This wire was securely wrapped and stapled in as many places 
as deemed necessary, never less than two places about the tree being 
wired down, and then trghtly and securely wi^apped and stapled around 
an adjacent standing tree, stmnp, or other securely anchored objects. 

Bank clearing is the classification covering the clearing of timber 
from stream banks where mechanical equipment is required for with- 
drawing timber from the streams. For pulling the timber from 
streams, crawler-type tractors with side winch, boom, and stiff -leg were 
used generally ; however, smaller type tractors, 2,0 horsepower cater- 
pillar with rear-mounted towing winch were used to some extent, espe- 
cially in the pulling of the smaller and lighter timber. These tractors 
woi-ked in conjunction with the clearance crews. 



Figure 134 . — Steep shore line clearing along the right batik of the French Broad River. 

A bank-clearing unit was comprised of 4 labor foremen, 1 tractor 
operator, 1 saw filer, 2 timber riggers, 1 timberjack, 1 ax filer, 1 
clerical first aid laborer, 60 to 70 laborers, a tractor, and mule teams 
as required. A bank-clearing unit was subdivided into four comj)o- 
nents, each under the supervision of a labor foreman. First, a crew 
cut and piled the underbrush and small timber and felled the timber 
to be pulled by the tractor. The tractor and its ground crew then 
followed, pulling the trees from the stream. Next, a crew with axes 
and saws felled and trimmed the large and remaining standing timber. 
Following behind this group, the piling crew with mule teams did 
the piling of the logs and debris for burning. 

The type of clearing generally referred to on main-stream reser- 
voirs as marginal clearing was not done on the Douglas project. 
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Complete clearing was done to elevation 1002, 2 feet above normal 
maximum pool level. On steep shore line exposed to the main body 
of the reservoir, or of a soil likely to be eroded by wave action, com- 
plete removal of all timber and brush was carried out for a horizontal 
distance of approximately 6 to 12 feet or more, depending on the 
degree of wave action expected, beyond the 1002 contour. No clearing 
in flat areas or bights above elevation 1002 for the stranding of drift 
or flotage was deemed necessary, nor was done because of the clearing 
of the two additional feet above the normal maximum pool level. ^ 

Low stumping of timber cleared in the flat areas between elevations 
992 and 1000 was carried out, where practical, at time of clearing to 
facilitate future mowing of annual growth as an aid to the control of 
mosquito breeding. Stumps in these areas were cut approximately 
4 inches above ground, except that no effort was made to cut large 
trees lower than in normal clearance practice. 

Burning of debris 

The burning of timber and debris was accomplished by both con- 
tract and force accomit.^ Where done by contract, it was through the 
letting in small parcels and, generally, to residents within the reser- 
voir area. Generally, those taking such contracts were local farmers. 
This policy resulted in the giving of employment to many who could 
spare some time from their farms and to others who were ineligible 
for employment with the TVA because of old age, physically unfit, 
or without the experience required by the TVA for clearance work. 
The availability of sufficient contractors within the reservoir area 
proved to be inadequate, and burning by force account had to he 
resorted to in a considerable mea'sure. There were 223 contracts exe- 
cuted for burning debris under which 3,791.5 acres was burned. There 
was 1,035.9 acres burned by force account. 

Resbrubbing 

A clean shore line and water surface for malaria control was pre- 
pared for fluctuation stages between elevations 992 and 1002. It was 
not possible to prepare a clean shore line for effective malaria control 
t>elow elevation 992. This reshrubbing work was done over the entire 
shore line of the reservoir and required the cutting and disposal of 
all sprouts and annual growth over an area of approximately 3,435 
acres. In areas which were riot adaptable for use of mowing machines 
and hay rakes, this phase of the work was done by labor crews using 
such tools as sythaxes (weed cutters) and hush hooks. This phase of 
the work was begun early in September 1942 to avoid regrowth along 
the margins before impounclage. 

Drainage of isolated pools 

In shallow areas near the 1002 contour there were a number of 
depressions which would not drain after impoiindage during the draw- 
down period. Specifications reqiiii’ed that these depressions he con- 
nected to the main body of the reservoir through the construction of 
canals. The construction of these projects was confined to the zone 
between elevations 992 and 1002. The larger of these projects was 
constructed by %-cubic-yard draglines. Some of the smaller x^rojects 
were done by hand by men with shovels or by teams and hand scrapes. 
There were eight such projects- constructed, involving the excavation 
of 15,549 cubic yards of earth. Construction of canals of this nature 
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Figure 136. — Cofferdam logs being loaded in reservoir area for delivery 
to Douglas Dam. 


made it possible for depressions to drain, or partially drain, or fill 
with the fluctuation of the lake. They also provided boat channels 
for larvicidal work, thus facilitating the future control of malaria. 

Miscellaneous clearing activities 

Crop and fence damage claims , — ^The assistant superintendent in 
charge of burning operations also was assigned to the appraising and 
fettling of crop and fence damage claims resulting from clearance 
operations. Clearance operations were carried on almost entirely 
under authority of permits from the landowners ; as a general policy, 
owners were allowed to remain in possession and farm their lands 
through November 30, 1942. Therefore, in order to maintain a sched- 
ule it was found expedient to destroy and pay for a portion of the 
growing crops rather than delay operations, or to employ the use of 
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more expensive clearing methods. Efforts were made, however, to 
avoid the destruction of crops as much as possible. There were 242 
claims of such character investigated and settlement recommended. 
Claims not exceeding $50, where all paities were in agreement, were 
paid on the job. Claims in disagreement, or those in excess of $50, 
were Awarded to the TVA’s legal staff for handling. 

Twiber utilisation , — The time required for completion of the dam 
Avas dependent upon the rapidity and regularity with which logs and 
Jninber could be delivered. By April 9, 1942^ the 47,118 logs required 
for cofferdams were delivered at the dam site. The production of 
5,800,000 boai'd feet of lumber was a continuous operation until 
Eebriiary 1943. Surveys of timber on lands within the reservoir area 
proper were made promptly, but this source could only supply a small 
percentage of the requirements. While timber crews began the cutting 
and handling of this timber, negotiations were started with owners 
for the purchase of timber from lands in the surrounding vicinity 
of the reservoir. At the same time, invitations to bid wei-e being 
issued on tbe sawing and delivery of lumber and the furnishing of 
trucks for hauling cofferdam logs. Several tracts of timber were 
found available, purchased, and a contract was made for the sawing, 
delivery of lumber, and the hauling of cofferdam logs. As a means 
of expediting production, logs for both the manufacture of lumber 
and for cofferdam use Avere cut by the TVA’s forces. Continued search 
for and optioning of timber Avas carried on until adequate quantities 
had been located. 

Because of the need for all the timber developed through clearance 
operations of the reservoir in the construction program, there was 
no merchantable timber available for sale to private purchasers. 
Waste timber, for firewood, was made available to local farmers and 
those who Avould remove it from the area as it Avas being cut. 

Demolition of huildings and stmctures . — The general surrender date 
of lands in the reservoir was December 1, 1942. The closure of the 
dam was schedided for February 19, 1943. This allowed a period of 
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2% months for the covering of the entire reservoir in the clean-up and 
disposal of buildingSj fences, farm bridges, and other obstructions. 
As of December 1, the surrender of possession date, much of the crops, 
personal property, and improvements had not been removed by the 
owners, but convincing efforts and interest in doing so were displayed 
and, through cooperation with them, this -was accomplished without 
detriment to the schedule. 

Naturally, there were some owners who were unwilling to sell their 
property at tlie price offered, and as a consequence the property had 
to beA acquired through condemnation. In such instances the build- 
ings, fences, and improvements became the property of the TYA. 
These were advexdised and sold through competitive bidding. There 
were six contracts made for the sale of buildings and improvements 
acquired on condemned lands. 


Table 38 . — Douglas Reservoir clearance operations 


Item ’ Unit 

Normal maximum pool elevation foot 

Pool-clearing elevation do 

Length of shore line at elevation 1002 feet mile 

Length of reservoir at elevation 1002 feet do 

Pool area at elevation 1002 feet acre 

Total land area purchased do ■ 

Wooded areas cleared between elevations 930 and 1002 do 

Wooded areas wired down below elevation 930 do 

Total areas cleared and wired do 

Regular clearing acre.^. 

Bank clearing T do 

Total complete clearing do 

Man-day average per acre man-day 

Cutting and wiring down acre 

Man-day average per acre man-day__. 

Total clearing and wiring acre — 

Total man-day average per acre man-day 

Burning acre — 

Reshrubbing do 

Boat harbors prepared : do. 

Drainage of isolated pools cubic yard — 

Channel markers installed — posts post — 

Disposal of buildings and fences dollar — 

Timber utilization : 

Lumber manufactured by contract for construction fbm„ „ 

Cofferdam logs produced for construction each__ 

Damage claims investigated - 


Total 
1, 000 
1, 002 
666 
43.0 
31, 300 
33, 200 

4, 827. 4 
354. 6 

5, 182. 0 
4, 044. 0 

783.4 
4, 827. 4 
14.4 
354. 6 
9. 0 

6, 182. 0 

14. 0 
4, 827, 4 
3, 436, 5 
23. 5 
15, 549. 0 
32 

34, 286. 47 

5, 860, 552 
47, 118 
242 


NAVIGATION PREPARATION 
Preliminary investigations 

In 1940 TYA made studies of the major navigable tributaries of ‘the 
Tennessee River for the purpose of determining whether future im- 
provements on these tributaries should include provisions for naviga- 
tion facilities. Analysis of traffic potentialities of the French Broad 
River indicated that development of both the French Broad and 
Holston Rivers for navigation probably will never be feasible since 
they serve virtually the same territory. The studies further indicated 
that while canalization of the Holston River might some day be 
economically justified, this probably will not be true of the French 
Broad River. For these reasons no provision was made at Douglas 
Dam for the future installation of navigation locks. 
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N'avigation on the completed reservoir -will be confined to recrea- 
tional boating and the operation of small craft for malaria control, 
land management, and similar uses with possible occasional local move- 
ments of forest products or other materials. Under these circum- 
stances the extensive program of safety harbor construction, channel 
grading and cut-ofls, channel marking, flush cutting of stumps, and 
similar work normally performed in the Tennessee River main chan- 
nel reservoirs was not undertaken in Douglas. The reseiwoir prepa- 
ration program was confined to the bare essentials required for the 
safety of small craft and included the following actiyities: (1) re- 
building bridge and wire crossings to meet authorized clearance 
standards; (2)^ cutting stumps flush with the ground surface or 
stumping certain critical areas ; (3) demolishing and removing certain 
navigation obstructions and hazards such as bridge piers, silos, and 
foundation walls; (4) establishing a skeleton system of navigation 
daymarks, direction boards, and other aids; (5) preparing navigation 
maps. 

Bridge and wire crossings 

The United States Corps of Engineers concurred in the use of 
secondary reservoir channel clearances for all wire* and bridge cross- 
ings over the reservoir (see table 39), with the exception that the 
minimum horizontal clearance was increased to 100 feet. These 



Figure 138 . — Reservoir preparation jor navigation. 
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clearances provide adequately for malaria control craft and all 
pleasure boats except sailboats. Since there are no bridges in the 
lower part of the reservoir, which isS best adapted to sailboating, the 
clearances should not greatly restrict the use of this, type of craft. 

There are five bridges across the main stream within the limits 
of. the reservoir : the Dandridge Highway Bridge at mile 45.1, the 
Swann Highway Bridge at mile 54.3, the Walters Highway Bridge at 
mile 64.2, the Southern Eailway bridge at mile 67.8, and the Rankin 
Highway Bridge at mile 71.3. These crossings were in existence 
before reservoir construction was begun, and because of the low eleva- 
tion of the original structures they were either raised in place or 
rebuilt at relocated sites. In addition to these main stream crossings, 
a county highway bridge was erected by the Hamblen County Bridge 
Committee witbin the limits of the reservoir on the Nolichucky River 
at mile 5.3. 

The five bridges crossing the French Broad River have an mider- 
clearance elevation of 1017 or more, and a channel-span horizontal 
clearance of at least 100 feet. The Hamblen County Bridge over the 
hTolichucky River has an imderclearance elevation of 1015. 

The two transmission lines and one railway signal control line 
which crossed the reservoir were reconstructed to conform with the 
standard clearances X)PC^scribed for secondary reservoir channels. 


Table 39. — Recommended navigation clearances 



Stumping 

Stumps were not removed along the channels or principal sailing 
courses because : {a) tlie cost would be excessive in view of the large 
draw-down in this reservoir, (&) the benefits would be limited because 
of the character and extent of navigation expected to develop in the 
future, and {c) stumps alternately submerged ?tnd exposed may be 
expected to disintegrate within a relatively few years anyway. 

Stumping was confined to 17 areas along the reservoir’s edge. These 
areas are well distributed throughout the length of the reservoir and 
were selected as the anost likely points where small boats would he reg- 
ularly moored oT would be launched from automobile trailers (see 
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B.g. 138). To insure safe landing conditions in tliese selected areas 
and to minimize the possibility of damage to moored boats during 
periods of receding water levels, all stumps at the landing sites were 
removed or cut flush with the surface of the ground. 

Preparation of these landings and harboi^s was confined to the re- 
moval of stumps and other obstructions below the normal pool eleya- 
tion. No docking facilities or shore structures were constructed. The 
basic underwater wmrk, however, was completed so that hazards wmuld 
not exist at a later date if full development of the harbors under local 
initiative is realized. 

In addition to these seventeen landing and harbor areas, stumps were 
removed along the back side of Morris Island (mile 72 ) , ancl the chan- 
nel was marked with posts and tree trunks to facilitate navigation by 
boats performing malaria-control work. 

Removal of navigation, hazards 

Field inspection of the reservoir area disclosed a large number of 
structures such as silos, bridge piers, and concrete foundations, some 
of which would be serious hazards to navigation after the reservoir 
had filled. The following rules were adopted as general guides for de- 
termining whether a specific structure should be demolished: (1) 
structures that might cause loss of life were removed; (2) most struc- 
tures located in areas where intensive navigation was expected were 
removed; (3) strictures i^rojecting above elevation 1002 were not 
removed unless their foundations were insecure; (4) most structures 
below elevation 940 were not removed because of the short duration of 
reservoir stages lower than 940 elevation, and because those stages 
normally occur during a season unsuitable for extensive boating. 



Figure 139 . — Silo after demolition. 


A total of 58 obstructions to navigation was removed. This num- 
ber was composed of 14 silos, 30 concrete or brick foundations and pil- 
lars, 5 concrete water troughs, 4 small concrete and brick houses, 2 sets 
of bridge piers, 1 concrete flume, 1 concrete dam, and 1 concrete well 
curb. Locations of hazards which were removed or destroyed are 
shown in figure 138. 

A new and highly satisfactory method was developed for destroy- 
ing concrete silos. Jloles were dug in the ground at lO-foof intervals 
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around approximately two-thirds the inside circumference of the silo. 
A total of 100 pounds of 40-percent dynamite was placed in these holes. 
When this charge was detonated the resulting blast threw the silo over 
on its side in the direction of the unloaded segment. The fall crushed 
the silo, leaving a flat pile of debris with very few jagged edges (see 
fig. If39.) 

Navigation markers 

The type of navigation which operates on a lake like Douglas 
does not normally require a continuous marked channel from one end 
of the lake to the other; neither is there justification or need for pro- 
viding lighted aids for night navigation. On the other hand, unless 
identifying markers of some type are provided, small-boat operators 
are unable to readily And their way around the reservoir and fre- 
quently get lost. In the Douglas fteservoir this problem was han- 
dled by installing three types of navigation aids : daymarks and direc- 



Figure 140. — Daymark for Douglas Reservoir. 


tioii, boards on shore, and poles in the water to mark particularly 
hazardous submerged knolls which were quite distant from the shore 
line. 

Forty-eight daymarks were placed at strategic locations along the 
shore line (see fig. 140). These markers, 4 feet high by 6 feet long, 
have large black numerals painted on a white background. Locations 
of the markers with their corresponding numbers were shown on navi- 
gation maps of the reservoir, thus eiiabling navigators to use the maps 
to establish their exact position on the lake. 

The daymarks were constructed of ^^ig-inch tempered Prestwood 
framed with 1- by 3-inch hardwood strips. They were suspended on 
hammock hooks to reduce wind load on the supports which consisted 
of cedar pole frames set in' concrete or in some cases the daymarks 
were attached to trees. The black numerals were made 35 inches high 
and are legible at a distance of about one-half mile. Under average 
conditions the daymarks are visible for a distance of about 2 miles. 

Fourteen direction boards were placed at major channel intersec- 
tions and other strategic locations. These boards are similar to high- 
way direction signs and indicate the direction and waterway distances 
to major landings and towns. 
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During the summer months when boating will be at a maximum, 
Douglas Lake will usually be at or near elevation 1000, which is its 
normal maximum elevation. At this stage there are a large number of 
knolls that may be more than a half mile from the shore line but are 
only a few inches or a few feet below the water surface. The most 
critical of these knolls, those above elevation 980, were marked by 
cedar poles placed on their crests and set 3 or 4 feet deep in concrete. 
The tops of the poles project about 3 feet above full pool elevation, and 
the top 3 feet was painted white. 

Navigation maps 

For the information of navigators and others, a complete set of 
navigation' maps was prepared to a scale of 1 inch equals one-half 
mile. Three sheets, each IT by 22 inches, were needed to cover the 
reservoir. The maps were prepared in four colors with the depths of 
water being indicated in various shades of blue. The locations and 
numbers of all navigation daymarks were shown. Certain areas con- 
siderecl especially hazardous to the operation of boats were indicated 
by a red overprint. In addition to showing the lake itself, the maps 
also show drainage, roads, buildings, wooded areas, and other features 
of the region surrounding the reservoir. The preparation of these 
maps is explained in more detail on page 269. Prints may be obtained 
at a small cost from, the Tennessee Valley Authority’s central map and 
drawing files in Knoxville and Chattanooga, Tenn., or from prin- 
cipal boat clock operators throughout the reservoir. 

POPULATION READJUSTMENT 

Reservoir families 

Upstream from the Douglas Dam site the French Broad River 
makes abrupt, deep bends which form broad and fertile bottom 
lands. A half dozen creeks empty into the river from the south, the 
small valleys of which lay parallel to the river. Five hundred and 
twenty-five families lived in these bottom lands and valleys which 
now form Douglas Lake. Their removal was required in the unprec- 
edented short period of 10 months from 'the date the dam was started. 

Twenty of these families were located on the dam site and construc- 
tion area and were required to move at once. It was also necessary to 
move 14 families and 1 school for the construction of 8 saddle 
dams between the hills south of the dam. Nine families and one 
service station moved from Dandridge when a protective dike was 
built in that village. 

At the same time the evacuation of the dam site was taking place, 
a survey was being made of the reservoir area by the Tennessee Agri- 
cultural Extension Service. The information obtained from families 
during this survey, together with information secured from other 
sources, formed the basis of a study and appraisal of evacuation and 
readjustment problems. 

The economy of the reservoir area was primarily agricultural. 
On the creek lands were communities of small farmers, and the broad 
river bottoms were owned by large operators. On the large holdings, 
the prodiiotion of corn, livestock, and specialized vegetables and 
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fruits for commercial canning prevailed. Tire average family cash 
income for all families in the reservoir area was $1,115 in 1941, as 
reported by the families. 

The population was 62 percent tenants, a large number of whom 
were day laborers. There were only 10 Negro families in the area. 
Seventy-three percent of families displaced were farming at the time 
the dam was started; however, the majority of the residents had 
farmed at some time in their lives. Half of the families had lived 
at their former homes in the reservoir for over 5 years, but only 
18 families had lived at the same location for life. 

One hundred and fifty-five families used electricity before moving. 
This is a fairly high proportion when it is realized that the popula- 
tion was predominated by tenants. Most of the families used wells 
or springs for their water supply, and only 18 residents reported a 
pressure system or city water supply. 

The families of the area were divided into tenure groups as follows : 


Tenure : .. Number Percent 

Farm owners 156 29.7 

Farm tenants 229 43, 6 

Nonfarm owners 45 S. 6 

Nonfarm tenants 95 18. 1 


All families 1 -525 100.0 

In addition to the families, the following institutions and business 
establishments were displaced by the flooding of Douglas Reservoir : 

Institution or business : * ^ umber 

Schools 10 

ChurcliGS 13 

Mills .(saw, flour, and feed mills) 16 

Post offices 1 

Stores 16 

Garages ^ 1 

Restaurant I 1 

Cannery 1 

Warehouses 2 

Total 61 


Resources available for readjustment 

The shortness of the construction period and the enormous amount 
of work to be accomplished made all divisions of the TVA more de- 
pendent upon each other. Each operation of the entire construction 
program had to be. completed on schedule in order that the dam could 
be finished by the scheduled date. Evacuation of families was sand- 
wiched between the acquisition of reservoir land and the clearance of 
the reservoir. Notification of the acquisition of tracts of land was 
transmitted' daily from the Land Acquisition Division, and the Reser- 
voir Clearance Division was kept informed of areas in which families 
and buildings had been removed. Similar coordination of activities 
wdth other divisions greatly facilitated the evacuation program. 

Residents of the area who were not needed on the farm in connection 
with the harvesting of crops* or removal of buildings were able to 
obtain employment with T VA. This was an aid to TYA, which was 
attempting ‘to recruit labor very rapidly, and to families, some of 
wdiom were greatly in need of additional resources with which to move. 
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As in the evacuation of other TVx4. reservoir areas, assistance in 
locating new homes, farms, or business establishinents was available 
from established agencies for those who needed and desired assistance. 
Most important of these organizations was the Tennessee Agricultural 
Extension Service, which, through a contract agreement with TVA, 
secured information with respect to farms available for rent and for 
purchase and made this information available to those directly af- 
fected by the purchase of land for Douglas Keservoif. Other local 
agencies, such as county welfare departments^ and health units, gave 
the advice or assistance each was equipped to give where it Avas needed. 
Civic organizations Avere helpful in the solution of community prob- 
lems as were toAvn and county officials. 

Removal and readjustment of families 

The denseness of the population, the large number of buildings to be 
moved, and the harvesting of crops constituted the principal evacua- 
tion problems. The number and size of buildings per farm unit were 
large, and almost all the land was tillable. The crop season of 1942 
AV'as the most favorable in years. The Nation was at war and the 
farmers had been urged to increase production. There Avas no further 
incentive to conserve the land which would be flooded, therefore, 
pasture, hay land, and AA^aste land had all been planted resulting in a 
crop that aa^ouIcI liaA^e taxed harvesting facilities in normal times. In 
adciition to harvesting and removing these crops, the people had to 
find new homes and remove their buildings, fences, stock, and equip- 
ment by December 1, Less and less labor was available and under a 
groAving and changing set of governmental restrictions upon the use of 
trucks and building materials their problems became increasingly diffi- 
cult. These operations Avere further handicapped by snoAv and cold 
Aveather during the early winter. 

As tracts of land were purchased by TYA, owners and occupants 
were ui‘ged to make their relocation plans at once so that they could 
determine Avliat iDroblems might arise in connection with removal. 
Many buildings Avere removed intact, but there was only a limited 
number of moving contractors available in the vicinity. It was nec- 
essary to obtain priority assistance for those desiring to rebuild, and 
sometimes delays occurred in the procedure established with the War 
Production Board. Some residents Avho were too busy to move their 
buildings bought homes elsewhere and sold their improvements. For- 
tunately, migration took place gradually and in. different communities 
at different times so that it was |)OSsiblo to direct the flow of movers 
and building and wrecking contractors from community to commu- 
ni^ as needed. 

The easement contract, under which most of the land was purchased 
for the Douglas Reservoir, allowed owners to retain the use of the land 
subject^ to flooding and other rights of TVA so that farmers could 
make alimited and specialized use of the land. 

The shore line of the lake is reasonably regular in the areas where 
the adjacent upland is fertile, but. very irregular in regions where 
the^ upland is sterile and unproductive. The readjustment of commu- 
nities near fertile areas took place with reasonable speed and a min- 
imum of problems, but in the other areas more assistance was necessary 
to effect a satisfactory adjustment. Additional adjustments will take 
place gradually with the assistance of the county agents and local 
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associations of tlie farmers tliemselves. Other agencies will also con- 
tinue their active interest in the families Imown to them. Because 
of tire proxunity of the Smoky Mountains and large industrial centers, 
recreation has furnished new opportunities. 

Most of the families relocated in the counties in which they formerly 
lived. ^ Only 11 families moved to other states. The following tabu- 
lation indicates the net loss or gain of families in each county : 


County 

mimber 

famHies 

moved 

Number 

families 

relocated 

Net loss 
or gain 

Jefferson 

387 

252 

135 


73 

104 

75 

4-31 


64 

-f 

4-11 

Hamblen - 

1 

8 

•4-7 

Total 

525 

439 ' 

-f t 

-86 



PLANNING ASSISTANCE TO THE TOWN OF DANDRIDGE 

Before Douglas Dam had been authorized by Congress and while 
its construction was still in the discussion state, representatives of the 
towji of Dandridge requested an opportunity to discuss with 
the need for the dam a,nd the effects which its construction would have 
upon the town. A delegation, of officials and citizens of the community 
met with representatives of TVA in September 1941, when all facts 
and circumstances of the proposed project were reviewed, as well as 
physical and economic readjustments and problems facing the town 
if the reservoir was to be^ constructed. Even though a considerable 
sentiment against the project existed at that time in Dandridge and 
its trade area, this meeting served to establish a cordial working rela- 
tionship between the people of the community and the TVA. 

Immediately after congressional authorization of Douglas Dam, 
Dandridge established an official planning commission to deal with 
readjustment problems and I’equested assistance from the Tennessee 
State Planning Commission and the TVA. The town planning com- 
mission first asked TVA to determine the feasibility of constructing 
a dike to protect the center of the town, which included the Jefierson 
County Courthouse, Shepard’s Inn, and other historic buildings, as 
well as many of the business establishments and some residences. 
Engineeiung studies indicated that it would be feasible to construct 
a dike about 900 feet in length and 50 feet in height to x^rotect most 
of the town center. These studies and the overwhelming sentiment 
of the community in favor of such a dike led to TVA’s decision to 
construct it. The decision was announced at a meeting of the planning 
commission in March 1942 and was greeted by expressions of apprecia- 
tion on the part of the town for the joint working out of this method 
of preserving the community center. 

At the meeting, Chairman I^ilientlial made it clear that the capable 
way in which the planning commission had x>i‘esented to the TVA the 
disruptive effects of the reservoir upon the town had a great deal to 
do with the conclusion to build the dike. With this major xfianning 
decision made, it was possible for the planning commission, with the 
assistance of the Tennessee State Planning Commission and TVA, to 
study the many other problems of physical readjustment. Alternate 
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sitips for relocation of the bridge spanning the French Broad Fiver 
at Daiidridge were studied, and it was found possible to select the site 
desired by the community. The town planning commission also 
studied various proposals and adopted a plan for developing the areas 
adjacent to the dike and the bridge abutment for future recreational 

^^^In acquiring land for the dike, the TVA purchased a 100-year-old 
residence, which it used temporarily for some of its own offices. The 
planning commission has developed plans for preserving and using 
this building as a community center. Arrangements are now under 
way for lease by the town of this fine old building, and of other water- 
front property acquired by the TVA, for recreational purposes. Pre- 
liminary plans have also been developed for a regional park and boat 
harbor on the lake front across the new bridge from Dandridge. The 
planning commission is preparing to be of service in recommending 
tourist facility development and zoning and land-use controls to guide 
the extensive postwar growth which the outstanding lake scenery and 
central position of the town seem to warrant. 

BACKWATER PROTECTION 

Commmiities affected by the reservoir were the town of Dandridge 
and the villages of Rankin, Oak Grove, and Shady Grove. A levee 
was constructed to protect the business section of Dandridge, and at 
Rankin, affected properties were acquired in fee ; a strip immediately 
above the pool contour was needed for the Southern Railway reloca- 
tion. Most of the Oak Grove and Shady Grove settlements were below 
the normal reservoir level, and consequently were approved for fee 
acquisition ; however, protection was provided for most of the French 
Broad Baptist Church property (at Oak Grove) by filling around the 
building and installing a small pumping plant for the disposal of 
storm water and sewage during high reservoir stages. 

Town of Dandridge 

The town of Dandridge, county seat of Jeffei’son County, is situated 
on hillsides on the right bank of the French Broad River about 8 miles 
upstream from Douglas Dam. A gully with steep banks opened to- 
ward the river before construction of the Douglas project. Two 
creeks, North Creek and West Creek wdth a combined drainage area 
of about 525 agres, flowed together in the lower part of the town and 
■ discharged through the gully into the French Broad River. 

At maximum reservoir level, elevation 1002, a large section of the 
town would have been flooded, including the courthouse and other 
building of historical and sentimental value. The feasibility of pro- 
tecting Dandridge from the reservoir backwater was therefore inves- 
tigated, and general plans for protection of the town were submitted 
and approved. A protective earth dike was constructed across the 
gully. The drainage area behind the dike was subdivided into two 
parts. 

The area above maximum pool level is drained by gravity flow into 
the reservoir. For this purpose, small diversion dams were built 
across North Creek and West Creek, and large pipe culverts carry the 
collected surface water by gravity from these dams to the reservoir. 
Additional surface water is collected from side valleys below the diver- 
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Figure 141 . — Dandridge dike. 


sioii dams and carried by smaller pipes to tlie main culverts. Street 
drains are also connected to the culverts where possible. 

The drainage from the area below maximum pool level and the town 
sanitary sewerage are collected at the toe of the dike. A culvert under 
the dike discharges this run-off to the reservoir. At low reservoir 
stages, this discharge is by gravity ; at high stages, pumping is re- 
quired. A general plan of the protective works is shown in figure 142. 

Main — The foundation at the dike consists of Knox 

dolomite formation. The rock was exposed in the creek bed and in the 
steeper parts of the gully, but was covered on the banks by an over- 
burden of clay varying in depth to a maximum of about 25 feet. The 
rock formation was full of seams, pinnacles, and cavities, which re- 
quired extensive treatment to provide a satisfactory base for the earth 
structure and an elaborate grouting pzwram to secure a safe- and tight 
foundation. 

Satisfactory material for an earth-fill structure was located on the 
riverbank a short distance downstream from the site; and the cross 
section of the dike was designed for uniformly impervious rolled-fill 
material with the saturation line controlled by internal drainage. 

The embankment is about 1,000 feet long, with a 16-foot-wide crest 
at elevation 1013, or 11 feet above maximum headwater level. To 
avoid extending the upstream toe along the steep creek bed into the 
French Broad Eiver and to protect the toe from discharges from the 
North Creek culvert, a stabilizing rock-fill toe was constructed across 
the creek bed. A 6 -foot- thick filter section was placed between the 
impervious fill and the rock fill. The entire upstream embankment 
slope above the rock-fill toe was covered with 1.5-foot-thick hand- 
tfimmed riprap on a 9 -inch layer of gravel. The downstream slope 
was furnished with a 66-foot- wide berm at elevation 982 for the reloca- 
tion of streets to this level and to allow access to the pumping station 


THE DOUGLAS PROJECT 


800 

and room for the substation. A 9-foot-wide berm was constructed 
along the downstream slope on the south bank for a walkway to the 
south abutment, and a 30-foot-wide berm was provided along the 
downstream slope on the north side for construction of a road and 
walkway between the pumping station and the north abutment of the 
dike. 



(a) Plan of town of Dandridge. 

Figure 142. — Backwater 


Tlie design of tlie section of tlie dike was based on the following 
assumptions : From tests in the soils laboratory, a value of 26° for 
angle of internal friction of the earth fill was adopted. Cohesion of 
the material below the saturation line was neglected, and above the 
saturation line the cohesion was taken as 200 pounds per sq^uare foot. 
Angle of internal friction of drain blanket, rock fill, riprap, and 
gravel was taken at 45°. With these basic assumptions, the Swedish 
slip-circle method was used for design. The upstream slope was 
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designed for sudden draw- down from maximum lieadwater elevation 
1002, and the downstream slope was designed for an operating con- 
dition with headwater at elevation 1002, with downstream to'e saturated 
to elevation 965 and a saturation line in the embankment at the 
maximum level that could' be established by this condition. For these 
design conditions, a factor of safety of 1.3 was obtained for the up- 
stream slope and of 2.0 for the downstream slope. 

The entire downstream slope was seeded. A. drainage system, dis- 
charging into the pump basin, was installed along the road and 
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walkway berms and at the downstream toe of the dike. A system of 
French drains discharging into a manhole with a measuring weir' for 
intercepting and measuring the seepage through the foundation was 
installed in the flat hollow between th,e toe and the relocated Main 
Street. 

A public overlook with parking area has been provided on the 
reservoir bank at the north abutment of the dike. The parking area, 
which, will accommodate about 3^ cars, is gravel-surfaced and edged 
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by log curbs. Gravel-surfaced walkways lead from the overlook 
along both sides of the parking area to the north end of the structure. 
The top of the dike has a 12-foot- wide gravel-surfaced walkway, which 
also serves as patrol road; and gravel-surfaced walkways extend from 
the north and south ends of the dike along the downstream slope to 
the road intersection at the pumping station. For plan, sections, and 
details of the dike see figure 142. 

Diversion dams and culverts . — ^The diversion dams at the North 
Creek and at the West Creek are impervious rolled-fill dams with 
6-foot-wide crest and side slopes of 1 on 3. The upstream slopes are 
protected by 1-foot riprap on a 6-inch layer of gravel, and the down- 
stream slopes are seeded. The dams are provided with 15 -foot- wide 
reinforced concrete side channel spillways, with the crests 4 feet 
below the top of the dam. These spillways will discharge run-off in 
excess of the culvert capacities back into the old creek beds, which 
lead to the pumping station. Top elevations of the North Creek and 
the West Creek diversion dams are 1034 and 1024, respectively. The 
lengths of the two dams are approximately 210 and 170 feet, and their 
maximum heights are about 22 and 14 feet. 

Discharge capacity of the diversion culverts was based on a 2-inch 
run-off per hour with water levels behind the diversion dams at 
• elevation^ 1030 and 1020, or 4 feet below the top of the dams, and 
with reservoir level at elevation 1002. Both culverts are provided 
with reinforced concrete intakes with steel trashracks, and wire rope 
trash fences were placed across the creek beds about 100 feet upstream 
from the intakes. A steel grate was embedded in the headwall at 
each outlet to prevent entry into the culverts. 

The culverts consist of precast tongue-and-groved reinforced con- 
crete pipes laid with cemented joints. The culvert outlets have re- 
inforced concrete-lined chamiel extensions to protect the reservoir 
banks and the main embankment from erosion at the outlets. 

Pwm/pmg station . — ^A combined sanitary sewage and storm water 
pumping station was constructed at the toe of the embankment near 
the intersection of the relocated Main Street, Biver Road, and Broad 
Street (see fig. 142). The building is a two-story reinforced con- 
crete structure and is founded on rock in the old creek bed. The 
station contains an ejector pit, with floor at elevation 959 and a control 
room at elevation 978.5, for the sewage system and a drainage sump 
and pressure chamber for the storm water system. A stairway over 
the pressure chamber provides access to the control room from the 
pump deck at elevation 984. 

Intercepting sewers were constructed to carry the sewage to the 
pumping station. When the reservoir level is above elevation 962, the 
sanitary sewage flows to two motor-driven pneumatic sewage ejectors. 
These ejectors are rated at 100 gallons per minute each against 45-foot 
total dynamic head. The ejectors discharge into an 8-inch cast-iron 
pipe line extending through the embankment and connecting to an 
easting sewer which formerly discharged into the French Broad 
River. Provision was made for bypassing the sewage ejectors when 
the reservoir is below elevation 962. There is also provided a con- 
nection from the ejector inlet line to the storm water pump suction 
well ta bypass a portion of the sanitary sewage if the flow should 
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exceed the capacity of the sewage ejectors. The ejector compartment 
of the, station contains a 2, 000-ciibic-foot-per -minute fan for ventila- 
tion, two 6-kilowatt electric heaters for heating, and a small sump 
pump for drainage. 

Open drainage ditches were constructed to carry storm water to 
the pumping station. Three motor-driven pumps are installed in the 
pumping station. Two of these pumps are rated at 6,000 gallons per 
minute each against 33-foot total dynamic head, and the third pump 
is rated at 1,240 gallons per minute against 37-foot total dynamic 
head. The pumps discharge into a pressure chamber from which a 
36-inch square culvert extends through the dike and enters the reser- 
voir at approximately invert elevation 960.' The pumps are auto- 
matically controlled by float switches. A 30-inch bypass pipe was 
installed between the suction well of the pumps and the pressure 
chamber to permit gravity flow of storm Avater when the reservoir is 
below elevation 963.75. This bypass has a sluice gate at the inlet end 
and a flap valve at the discharge end. A 16-inch connection to the 
pressure chamber takes the discharge from a portable pump in cases 
of emergency. 

Waterw^orhs adjustments , — Approximately 1,200 feet of 6-inch 
water main was installed on Broad Street, Main Street, and River 
Road. Three fire hydrants were relocated and three sectionalizing 
valves were installed. The existing mains under the new embankment 
and access roads were abandoned. Approximately 600 feet of 2-inch 
main on Gay Street was replaced with 2-inch wrought-iron pipe. 
The new 6-inch mains are class 150', cast iron, bell and plain end. 

Brench Broad Baptist Church (Oak Grove Community) 

The French Broa'd Baptist Church is located on the right bank of 
the French Broad River at approximately river mile 54. In order 
to avoid moving this church and all the graves in the adjacent ceme- 
tery, an earth levee with a top elevation of 1,005 was constructed to 
protect the church and churchyard from inundation by the reservoir. 

A storm water pumping station was constructed at the church to 
discharge drainage over the levee. 

HIGHWAY AND RAILROAD RELOCATION 

The Douglas project involved the construction of 4.07 miles of 
access roads (including 1.78 miles of roads to saddle dams), 5.34 miles 
of state highways, 35.22 miles of county highways, 0.39 mile of streets 
ill Dandridge, and 12.48 miles of tertiary roads. In addition the TVA 
surfaced 18.23 miles of access roads to provide adequate access to the 
dam site. Also, 2.90 miles of county highways and 1.14 miles of streets 
in Dandridge were resurfaced because the original surface was dam- 
aged or destroyed by the large amount of excessively heavy traffic 
and the heavy equipment used by the TVA in the various construction 
operations. 

The railroad work involved in connection with the Douglas project 
consisted of the construction of a temporary access railroad to the 
dam site and the permanent relocation of portions of Southern Rail- 
way lines in the vicinity of Leadvale, Tenn. 
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HIGHWAYS 

Contracts were made witli the State of Tennessee, the counties of 
Sevier, Jefferson, Hamblen, and Cocke, and with the town of Dan- 
dridge, for adjustment of highways and streets submerged or other- 
wise affected by the reservoir. This adj ustment' consisted of relocating 
or raising the roads and streets which were in or adjacent to the 
reservoir. The contracts provide for the abandonment of certain 
roads and streets which were rendered unnecessary by such adjust- 
ment, or by the TVA’s purchase of land for the reservoir. They also 
stipulate the general locations, roadbed widths, minimum elevations, 
and other relevant design data, and release the TV A from all liability 
in connection with the inundated highways and streets. Compensa- 
tion was made to Hamblen and Cocke Counties in lieu of reconstruct- 
ing the approaches to Solomon T erry. 

It was necessary for the TVA to make replacements of existing 
facilities, using equivalent standards of design. When improved 
standards beyond equal replacement were desired, the governmental 
agency making the request, participated in the cost of construction to 
the extent of the improvement, and under’ this arrangement the state 
agreed to construct the permanent pavement on 4.1B miles of the above 
state highways. 

On completion of the highway and street construction, the roads, 
bridges, streets, and other appurtenances, together with their rights- 
of-way, were conveyed to the respective governing agencies, who 
thereupon released the TV A from further liability in connection with 
their use and maintenance. 

A summary of the access, state, and county highways, and city 
streets affected and reconstructed in the reservoir area is given in the 
following tabulation : 


Beconstructed by TVA; . Miles 

Access roads 4. 07 

Access roads improved and surfaced 18. 23 

State bigbways 5. 34 

County higbways : 

Principal county highways 3D. 22 

County highways resurfaced 2. 90 

Tertiary roads 12. 48 

City streets .39 

City streets resurfaced 1. 14 


Total for project 79. 77 


Access highways 

Access to the dam site w’as provided by the construction of a road 
from the Shady Grove-Dandridge Road to the north end of the dam 
and a road from the River Road south of the French Broad River to 
the construction plant below the dam. These roads were constructed 
31 feet wide between shoulders, and surfaced with a bituminous top 
22 feet wide on a stabilized stone base 6 inches thick. 

Access roads were also constructed to the saddle dams. These roads, 
in general, were constructed 18 feet wide with a traffic-bound surface 
course applied at the rate of 600 cubic yards per mile. One, imme- 
diately adjacent to the dam area, was constructed 28 feet wide with a 
compacted surface 6 inches thick and 20 feet wide. 
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To facilitate access to tlie dam area, the county x’oad to United States 
Highway No, 70, the one leading to Danciridge, and the one connecting 
the south access road to Sevierville were surfaced with a light carpet 
treatment of bituminous material. On the road to Sevierville a new 
bridge 77 feet long was constructed over Millican Branch, and the 
timber deck of the bi'idg^ over Little Pigeon Eiver at Sevierville was 
rebuilt and strengthened. 

Portions of the access roads, later connected by project 3081, were 
conveyed to Sevier County, Tenn., in compliance with the contract 
with that county. 

A summary of the access roads constructed and surfaced is given in 
the following tabulation : 

Miles 


Access roads to dam 2. 20 

Access roads to saddle dams 1. 78 

Oouilty roads surfaced (light bituminous treatment) 18.23 


Total : 22. 30 

State highways 

It was necessary to replace a section of Unit.ed States Plighway No. 
25E (Tennessee State Highway No. 32). The TVA was obligated 
only to the extent of replacing this highway to the same standards of 
width, alinement, gradients, and surfacing as existed; however, the 
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state desired to’ have this road constructed to higher standards and 
paid for the increase in cost caused by the higher standards. In addi- 
tion, it was necessary to raise the Swann Bridge across the French 
Broad River on United States Highway No. 70 (Tennessee State High- 
way No. 9) and several hundred feet of roadway on each side of this 
bridge above the effect of the reservoir. There was no improvement 
in type and consequently no state participation was involved in this 
section. • . . . - . 

The reconstructed highways were built to a minimum elevation of 
l/)07 feet above mean sea level, with a width of 42 feet between 
shoulders. Cut slopes in earth are not steeper than 1 : 1 and fill slopes 
outside of the reservoir are 1% : 1 or flatter. All fills that are exposed 
to the action of the lake are 11 / 2 -Ij or flatter, and are protected 
against wave action by a blanket of rock of such dimensions as deemed 
necessary for each case. The minimum width of right-of-way is 120 
feet. 

Table 40 .~TSunimflry of bridge construction 


Project and location 

County or 
carrier 

Type 

Num- 

ber 

spans 

H 

Access tighwayvs: 


Steel, timber, and 



Little Pigeon River, 

Sevier 

2 

243 . 

Millican Creek 

,--do 

masonry. 

Thnber and con- 

4 

77 

Stale highway system: 

Swann Bridge— 

j Jefferson 

Crete. . 

Steel and concrete. 

39 

2,561 . 

Reservoir. 



; 


Walters Bridge- 
Reservoir. 

J efferson 
and Cocke. 

_ -- do - 

24 

1,765 . 

C ounty highway system : i 


steel, timber, and 
concrete. 

Steel and concrete. 



Douglas Dam 
Bridge. 

Dandridge —■ Res- 

Sevier 

7 1 

873 . 

Jefferson — ' 

8 ^ 

1,508 

ervoir. 





Clear Creek 

...do 

Concrete 

1 

80 

M uddy Creek ... 

...do._ 

Steel and concrete - 1 

8 

216 

Indian Creek 

...do 

... do 

5 

507 

Long Creek 

Hamhlen.... 

Timber and con- 

5 

135 

« 

Clay Creek 

Cocke.. 

crete. j 

Concrete i 

X 

108 

Rankin 

...do... 

Steel, timber, and 

13 

919 



concrete. 

Railroad: 





Leadvale 

Southern Ry. 

Steel, concrete, 

7 

803 

U-pas5, 

_..(io 

open deck. 

Steel, concrete, 
ballast deck. 

3 , 

79 





New 

Recon- 
struc- 
j ted 

Raised 


i 


X 


1 

X 

X ' 




X 

.X : 

X 1 

1 \ 

X 

X 1 













X 

X ’ 

X 







Major bridge construction was the Swann Bridge on United States 
Highway No. 70 and the Walters Bridge on United States Highway 
No. 25E. Both bridges are across the French Broad River. The 
original Swann Bridge, 1,868 feet long, consisted of 1 main truss span 
280 feet, 4 truss spans totaling 426 feet, 2 steel-girder spans totaling 
142 feet, and 20 concrete-deck viaduct spans totaling 1,020 feet. The 
existing bridge was raised vertically a height varying from approxi- 
mately 32 feet at the west end to 41 feet at the east end. On the west 
end a 83-foot viaduct span was removed and three new viaduct spans 
totaling 128 feet were added. On the east end 10 new viaduct spans 
totaling 528 feet were added. The total out-to-out length of the new 
bridge including 70 feet of abutment spans is 2,561 feet. 
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The original Walters Bridge, 1,709 feet long, consisted of three 
roain truss spans totaling 596 feet and 21 concrete-deck viaduct spans 
totaling 1,113 feet. The existing bridge and viaduct spans were raised 
vertically 10 feet. Abutment wings was the only new construction. 
The out-to-out length of the raised bridge including abutment spans 
is 1,765 feet. 



Figure 144 . — Walters Bridge on United States Highway No. 25E. 


These briciges were raised with no betterment in the tyioe, width, 
or load-bearing capacity. 

Minor drainage consisted of nine reinforced concrete box culverts, 
varying in size from 4 by 3 feet to 12 by 14 feet, and reinforced concrete 
pipe culverts with concrete end walls. 

County and tertiary roads 

•Contracts were made with the various counties covering the adjust- 
ments necessary to maintain a system of roads which would fulfill the 
functions of the existing system. Due consideration was given to the 
fact that 'certain lands would be flooded or otherwise taken out of 
private use. The new roads, where affected by the reservoir, were con- 
structed to a minimum elevation of 1,OOY and to widths varying from 
22 to 31 feet depending on the new traffic conditions or on the width 
of the existing road. Cut slopes in earth are not steeper than 1 : 1 
and fill slopes above the reservoir not steeper than 1^ : 1. Where fill 
slopes are exposed to wave action they were generally constructed 
1% : 1 or 2 : 1 and in addition were protected by a blanket of rock of 
such thickness as was required in each case. ' 

Because of variations in the existing roads and the varied effect 
of the reservoir, there is no one standard of width, side slopes, or 
wave protection. Right-of-way is 50 feet in width, generally. 

Tertiary roads affording access to established roads from dwellings, 
industries, farm lands, and other improved property isolated by the 
reservoir were constructed where, in the judgment of the TVA, such 
construction would cost less than the purchase of property involved. 
These roads were constructed to standards of width, alinement, and 
grade lower than those used for the county roads, and the right-of-way 
provided is 30 feet wide. 
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Figure 145 . — Dandridge Bridge across the French Broad River, 



Figure 146 . — County road at Anderson Branch. 

A new bridge, 1,508 feet long, was constructed across the French 
Broad River at Dandridge. The superstructure of the old bridge at 
Dandridge was purchased by Sevier County and erected by the TV A 
across the river below the dam. The bridge at Rankin was raised. 
Five other bridges, totaling 1,046 feet in length, were constructed 
on the couhty system of roads. Minor drainage was provided by 
pipes or reiniorced-concrete box culverts. A total of 40 box culverts, 
yawing in size from 6 by 4 feet to 12 by 20 feet, were constructed. 

The roads constructed were located as follows : 


County 


Sevier 

Jefferson.. 
Hamtilen. 
Cocke 


County high- 
ways, miles 

Tertiary roads, 

' miles 

Total miles 

2. 16 

1- 00 

3. 16 

31.06 

7. 85 

38.91 

.14 

,19 

.33 

4.76 

3.44 

8.20 

38. 12 

12.48 

60.60 


Total. 
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Fi(;ure 147 . — Seehorn Creek culvert. 


City streets 

Tlie contract made with the town of Daiidridge for the construction 
of a dike, with contingent adjustments of water and sewer systems, 
also provides for the constructi on of several city streets. 

Under this contract, 0.39 mile of streets was constructed. Portions 
of Gay, Hill, Main, and Broad Streets, and River Road were con- 
structed, together with necessary curbs, gutters, sidewalks, and drain- 
age systems. 

RAILROADS 

The temporary access railroad was constructed by the TVA froin a 
connection with the Smoky Mountain Railroad at Ewing siding, 
which is located 4 miles north of Sevierville, Tenn., to the dam area, 
a distance of 5.6 miles where, together with the access road approach- 
ing the dam from the south, it crossed the French Broad River on a 
temporary timber trestle. In addition to the main spur, about 1.6 
miles of receiving, storage, and service tracks were constructed in the 
dam and shop area. In order that delivery of construction materials 
would not be delayed because of the physical condition of the Smoky 
Mountain Railroad, the TVA entered into an agreement requiring the 
raiload company to rehabilitate its line between Knoxville and the 
point of connection of the access railroad at Ewing siding. 

The Southern Railway is the only railroad having facilities affected 
by the Douglas Reservoir. Adjustments consisted of relocating the 
river line (Knoxville to Asheville division) between mile posts S210.1 
and S217.4, also the Leadvale cut-off (Leadvale to Bulls Gap) from 
its connection with the river line immediately west of the French 
Broad River bridge to milepost B. D. 16.3, a distance of approximately 
0.6 mile. In addition to the trackage and necessary appurtenances, 
other facilities replaced include a new 803-foot bridge across the 
French Broad River consisting of six deck-plate girder spans, and one 
through-plate girder span, each approximately 114 feet in length, all 
on a reinforced concrete substructure ; a mechanical electrically 

794091—49 21 
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operated coal and sand handling plant; water supply facilities, in- 
cluding an electrically operated pumping plant on the N'olichucky 
River; and replacement of all signal and communication facilities. 
Minor drainage structures consist of five reinforced concrete box 
culverts varying in size from 3 by 4 feet to 12 by 20 feet, also’ a con- 
siderable number of pipe culverts of various sizes. 

The relocated facilities are constructed to a minimum subgrade 
elevation of 1,006. Roadways generally are 20 feet wide in cuts and 
20 feet plus one-tenth the height in fills. Cut slopes in earth are not 
steeper than 1 : 1. Fill slopes are 1% : 1 above and 2 : 1 below elevation 
1006. All fill slopes exposed to the reservoir are protected by rock 
fill revetment of a thickness deemed necessary in each case. Right- 
of-way is generally 200 feet wide. 



Figube 148.— LeoduoZe Bridge— Southern Railway (old bridge in foreground — 

before removed). 


Southem Railway watering station, Leadvale, Tenn. 

Tlie relocation of a section of tlie Southern Eailway to clear the 
backwater from Douglas Dam necessitated the abandonment of the 
existing pumping station and water station. 

A new pumping station, two water stoi’age tanks (one of which was 
furnished by the railway) , three water columns, and a water supply 
line were provided. The pumping station is located on the south bank 
of the Nolichuc^ Eiver arm of the reservoir near the Hamblen- Jef- 
ferson County line. The storage tank and water colunm are located 
on the south side of the railroad paralleling the French Broad Eiver 
arm of the reservoir. The new pump-room floor is at elevation 1016. 
The lower portion of this station serves as a pump suction well. This 
suction well is connectfed to the reservoir through two 10-inch cast- 
iron pipe lines, one at elevation 992.42 and one at elevation 974.42. 

Two deep-well-type pumps are installed in the pumping station. 
These pumps are rated at 500 gallons per minute each at 100-foot total 
dynamic head. The pumps discharge through a 10-inch line approxi- 
mately 7j500 feet long to the storage tank. The pipe and valve ai’- 
rangement in the pumping station is such that the lower intake line 
can be flushed from the full intake well or from the storage tanks or 
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pumps. Because of heavy accumulations of sand and silt in the pump 
well, a sand eductor was installed in the pit with discharge through 
a 3-inch pipe out through the upper 10-inch intake pipe. A centrifugal 
pump, with suction connection to the main station discharge line, 
furnishes operating water to the eductor. 

The river intake is provided with a screen to prevent the entrance 
of trash which would clog the eductor or pumps. 

The wooden storage tanks are 30 feet in diameter by 20 feet high, 
and each has a capacity of 96,000 gallons. 

Float switches are provided in the storage tank to start and stop the 
pumps in the pumping station. 

A motor- driven centrifugal fan was provided for ventilating the 
pumping station. 

UTILITY RELOCATION 

The power, telephone, and telegraph lines below the pool level 
were removed during the period between February 1942 and May 1943. 
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Figure 14i9.— Utility and cemetery relocations. 
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The major portion of the removal and relocation v^ork was performed 
by the TVA under the terms of contracts negotiated with the utility 
owners. The remainder of the work was handled by the utility owners 
with their own forces in accordance with agreements previously exe- 
cuted by the TVA and the owners. Litigation was not necessary in 
any instance. 

A total of l£l.h miles of utility lines was removed from the reservoir ; 
78.3 miles of new lines were constructed to replace the lines removed. 
In addition, 9.5 miles of lines were adjusted or relocated to avoid; 
interference with construction work of the TVA. 

The cost to the Douglas project for this work was about $150,322. 
Approximately $142,836 was expended for reservoir work; $7,485.40 
was spent to clear for construction work of the TVA. 

CEMETERY RELOCATION 

Reconnaissance surveys to determine the locations^ of cemeteries 
which would be affected by backwater due to construction of Douglas 
Dam were made during the latter part of the summer of 1941. It was 
found that 44 cemeteries would either be totally or partially inundated 
when the reservoir was full or access to them would be impaired. How- 
ever, sevei^al of these cemeteries were very old and had been abandoned 
for many years. The identity of all graves was unknown, and there 
was no request for any action to be taken. Due to lack of identification 
information after diligent, effort, removal operations were performed 
in only 32 of the 44 affected cemeteries. 

The actual work of investigating, surveying, and mapping these 
cemeteries and the procuring of agreenients was started immediately 
after authorization of the Douglas project by Congress as a part of 
the war construction emergency program. This work was carried on 
until April 1942 and was followect by removal operations. From April 
until September 1942 the relocation of 2,449 graves was made, with the 
exception of 114 graves which were not relocated until December 
1942 and January 1943 because of a delay in acquiring the title for one 
of the cemeteries. To comply with the wishes of the nearest of kin 
of the deceased, it was necessary to reiiiter graves in 95 different cem- 
eteries. A total of 1,,379 monuments, ranging in weight from a few 
pounds up to 7 tons, was moved and reset in the reinterment ceme- 
teries. At the request of the nearest of kin, 104 graves in affected 
cemeteries were left undisturbed. 
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Chaptee 7 


INITIAL OPERATIONS AND RELATED 
DEVELOPMENT ACTIVITIES 

For tlie duration of the wartime emergency, regulation at Douglas 
Dam for flood-control and navigation benefits was subordinated to the 
productioai of power, although some benefits were derived. Among 
the activities connected with tire reservoir operation are fish and game 
protection, forestry, land management, and recreational development, 
all of which were to a certain extent curtailed during the war years. 

INITIAL POWER OPERATIONS 

The Douglas powerhouse has two generating units each with a rated 
capacity of 33,333 kilovolt-amperes at 0.9 power factor, or 30,000 kilo- 
watts. Test -runs were started on the first of these generators March 
16, 1943, and the machine was placed in commercial operation 
March 21, 1943, Tests were started on the second unit January 3, 
1944, and the unit was released for commercial operation January 
12, 1944. Provision has been made for the installation of two addi- 
tional generators at this location. 

The operation of the Douglas Reservoir is coordinated, in accord- 
ance with its original design as a multiple purpose project, to provide 
storage in advance of floods, to fluctuate the pool elevations as an aid 
to malaria control, and to store water during periods of small stream 
flow increases for later use for power generation. 

The dam was closed and storage of the entire inflow of the French 
Broad River w’^as begun February 19, 1943. The stream flow was used 
for storage and the generation of power until March 4, 1944, when 
it became necessary to open the gates to pass flood waters. 

The gross generation of the Douglas Dam hydro plant during the 
first 51 months of operation was as follows : 


Period of oporation; 

Output, kilo- 
watt-hours 

Average out- 
put, kilowatts 

Peak load, 
kilowatts 

Mar. ffi, 3943 Jiitia 30, 1943 

70, 694, 000 

27,500 

31,000 

Tnly 1 1943 .Tnni» 30 1944 

309, 587,000 

35, 200 

64,000 

Tnly 1* 1 044-.TnTll0 30^ 1P4f; __ 

364,983,000 

41,700 

64,000 

•Tnly -- - -- ------------------- 

315,608,000 

36,000 

65, 000 

Tnly 1 , 1 94fi— .TiifiP 30 1947 - - - 

287,635,000 

32,800 

64.000 

62. 000 

Tjily 1 1 947- /I prH 30 1 P4S~ - - 

188, 677,000 

25,800 
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Table 41 shows the energy generated at Douglas, by months, during 
the first 51 months of operation of both units. 


Table 41. — Initud power operation by months 


February - 

March 

April 

May 

June. 

July 

August — 
September 
October... 
November 
December. 


M oiith 


Energy 


Kilowatt- Average kilo- 

hours watts con- 

tinuous 


Peak load 
kilowatts 


Generator 
rated capacity 
kilowatts 
(2 units) 


im 


10,1)33,000 

35.486.000 

29. 978. 000 

43.719.000 

46.011.000 

38.483.000 

30. 866. 000 

23.264.000 

22.395.000 

27.647.000 

27. 569.000 


15.700 

47 . 700 
41,600 
58, 800 
63, 900 

51. 700 
41, 600 
32, 300 

30. 100 
38, 400 

37. 100 


61,000 
64,000 
64,000 
64,000 
64,000 
64, 000 

64.000 

60.000 
60, 000 

50.000 

44. 000 


60. 000 

60.000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60, 000 
60,000 
60, 000 


January... 

February 

March 

April 1 

May - 

June 

July 

August 

September. 

October 

November... 

December 


29, 995,000 

26.203.000 

41.341.000 

37. 721.000 
18, 539,000 

40. 960.000 
, 36, 937, 000 

32. 494. 000 

26.169.000 

28. 495.000 
14, 557, 000 

18. 014. 000 


40. 300 

39. 000 

55.600 
.52,400 

24,900 

56. 000 

49.600 
43,700 

36.300 

38.300 
20, 200 
24, 200 


42. 000 
56, COO 
59,(100 
56, COO 
64, COO 
64, COO 

64. 000 

54. 000 

50. 000 

46. 000 
32, OOO 

41.000 


60. 000 

60.000 

60, 000 

60,000 

60,000 

60, 000 

60,000 

60,000 

60, 000 

60, 000 

60, 000 

60,000 


January 

February.-.- 

March 

April 

May ^ 

June - 

July 

August 

September 

October 

November- 

December 


23.746.000 

20. 391.000 

28.742.000 

35.501.000 

17. 522. 000 

33.040.000 
43, 077, 000 

38. 644. 000 

24. 474. 000 

21.989.000 

14.171.000 
6,975,000 


31.900 

30.300 

38.600 

49.300 

23.600 

45. 900 

57.900 

51. 900 

34,000 

29.600 
19,700 

9,400 


48. 000 

40. 000 

50. 000 

61. 000 

60, 000 

65. 000 

64. 000 
64, OOO 

52. 000 

40.000 

27. 000 

15. 000 


60, 000 

60, 000 

60,000 

60,000 

60,000 

60,000 

60. 000 

60.000 

60, 000 

60, 000 

60,000 

60,000 


1U7 

January 

Febraary 

March 

April 

May 

June 

July 

August 

September. 

October.. 

November 

December 


22.588.000 

17.435.000 

28.239.000 

31.443.000 

24.871.000 

13.729.000 

11.514.000 

13.797. 000 

19.176.000 
19,052, OOO 

27.424.000 

16.644.000 


30.400 
25,900 
38,000 
43,700 

33.400 

19.100 

15.500 

18.500 
26, 600 
25,600 

38. 100 

22,200 


58. 000 

44. 000 

48.000 

50. 000 

48.000 

39. 000 

44. 000 

48. 000 

43. 000 

40. 000 

42. 000 

57. 000 


60,000 
60, 000 
00, 000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60.000 
60,000 
60,000 


January 

February 

March 

April 


2,226,000 

20.198.000 

28.582.000 

30. 164.000 


29.900 
29,000 
38,400 

41.900 


10,000 

49.000 

50.000 

62.000 


60,000 

60,000 

60,000 

00,000 


The personnel required for the operation of the dam and powerhouse 
is shown in figure 150. The number of employees shown in this figure 
is based on a 40~h.our workweek. Because of the nearness of the plant 
to the towns of Sevierville and Dandridge, Tenn., no new housing 
facilities were constructed for the operating personnel. 
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Figure 150. — Organization for dam and powerhouse operation. 


FLOOD CONTROL 

Douglas Reservoir, since closure of the clam in February 1943, has 
been operated to advantage in the control of four floods of substantial 
size at Chattanooga. Floods occurring in January 1946, January 
1947, and February 1948 ‘would have been the fifth, sixth, and seventh 
highest, respectively, at Chattanooga if they liacl not been reduced 
by the reservoir system. Although not as large, a flood in March 1944 
also would have caused considerable damage at Chattanooga. 

Douglas Reservoir, in conjunction with the other tributary and 
main-river reservoirs, was operated to reduce these flood crests and 
the resulting damage downstream. Flood crests along the lower 
h'rench Broad River and at Knoxville were also substantially reduced 
by Douglas Reservoir, and reductions of lesser amounts were effected 
farther downstream. 

The tabulation which follows gives the actual and natural crest 
stages at Chattanooga and the reduction in stage and damage afforded 
by the entire reservoir system since the operation of Douglas Reservoir. 


noo<2 

Actual 
crest stage 

Natural 
crest stage 

Stage re- 
duction 

Damage 
' reduction 

March 1944 

Feet 

31.7 

Feet 

37.8 

Feet 

6.1 

$300, 000 

January 194G 

36.7 

45.8 

10.1 

11,960,000 

January 1947 

31.8 

44.6 

12.7 

11, 700, 000 

February 1948 

33.8 

44.3 

10.6 

13,240, 000 
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NAVIGATION 

Douglas Reservoir was filled late, in the winter of 1942-43, creating 
a slack-water channel 43.1 miles in length along the French Broad 
River at normal maximum pool elevation 1000. This channel extends 
from the dam, which is at mile 32.3, to a point just below Newport, 
Tenn., on the French Broad, and for a distance of about 8 miles up 
the Nolicliucky River. 

No navigation lock was included in the project, and the reservoir 
is thus an isolated canalized section of the river available for local 
commercial traffic and use by small craft only. The natural river 
below and above the reservoir was heavily shqaled, and its tortuous 
channel and swift waters were not navigable by modern commercial 
tows. 

In 1940 .TVA conducted studies of 10 of the more important navi- 
gable tributaries of the Tennessee to determine whether future im- 
provements on these tributaries should include provisions for naviga- 
tion facilities. Although preliminary in nature^ these studies indi- 
cated clearly that potentialities for through traffic between points in 
or above the reservoir and the main-river navigation project were not 
sufficient to warrant inclusion of a lock and other navigation facil- 
ities ill the Douglas project. 

It was brought out that the population centers, industries, and 
resources which would be benefited by a French Broad River naviga- 
tion development also fell within the area which would be tributary 
to a similar development on the Holstoii River, and that the total 
traffic potentialities of the latter were considerably greater. Accord- 
ingly, it was recommended that navigation facilities not be included 
in French Broad River projects. 

Through 1947, navigation in the Douglas Reservoir had consisted 
only of use by recreation craft and by TVA malaria control and other 
reservoir operating craft. Local commercial movements of forest 
products or other commodities are considered possibilities, however. 
Accordingly, bridge and wire crossings over the main body of the 
reservoir were raised or rebuilt to provide secondary channel vertical 
clearances and minimum horizontal clearances to 100 feet (See dis- 
cussion under ^‘Navigation preparation” in chapter 6.) All subse- 
quent construction of reservoir crossings has been required to be of 
similar order. 


MALARIA CONTROL 

Clearing for malaria control was performed mainly in the shallow 
marginal areas within the upper 10-foot zone to provide a clean shore 
line and water surface where anopheline mosquito breeding occurred. 
This work was in accordance with the TVA’s specifications which 
were based upon regulations of the Tennessee Department of Public 
Health. Marginal drainage was provided through eight drainage 
projects in areas lying between the 992 and 1,002 contours where drain- 
age of ponds and swampy areas would eliminate or lessen the post- 
impoundage mosquito-control problem. 

Prior to impoundage, removal of coppice, weeds, vines, cornstalks, 
and other herbaceous growth between the 992- and 1,002-foot contours 
was undertaken. Fifteen preimpoundage mosquito-catching stations 
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were located witliin tlie reservoir to determine the kind and extent 
of mosquito production. It wa.s found that very little mosquito pro-- 
duction was occurring along the margins. 

For postimpoimdage operations, boat-operating bases were con- 
structed at Shady Grove and Oak Grove, providing immediate access 
to^ the areas requiring larvicidal treatment. Wooden fioating boat 
slips were placed at each base, and a small storage house, gasoline 
tank and pump,, larvicidal storage tanks, and sanitary toilet facilities 
were 2:)rovided on the shore. 

Impoundage was begun in March 1943, but because the reservoir 
was not entirely filled, there was a comparatively heavy shore line 
growth in the spring and early summer. A marginal growth removal 
jDrogram was begun in July 1943, but because of the considerable extent 
of the program and the rapid turn-over of personnel, it was impossible 
to complete it prior to the end of the calendar year. 

RESERVOIR WATER INVESTIGATIONS 
Ground water studies 

Investigations were made of lands adjacent to the reservoir where 
it appeared likely that claims related to ground water conditions or 
backwater damage might arise. A number of ground water wells 
and crest markers were installed before the reservoir wits filled, and 
regular observations were continued until July 1945. 

A census was made of 248 domestic wells on land adjacent to the 
reservoir, and information was collected regarding the name of the 
owner, and the elevations of ground surface, bottom of well, and water 
surface. Samples of water for mineral analysis were obtained from 
a number of these wells to determine if any change occurred in water 
characteristics after the dam was completed. ^ 

A special investigation was made at Dandridge, Tenii., to determine 
whether the construction of a dike to protect the town might raise 
ground water levels sufficiently to affiect basements. 

Leakage investigations 

The possibility of leakage from the reservoir was investigated early 
in 1942. A number of points below the dam were selected for regu- 
lar inspection, and a stream gage was installed on Millican Creek. 
This stream parallels the south reservoir rim. Stream gage records 
since closure of the dam do not show any increase in flow attributable 
to water coming through the reservoir rim area. 

Twenty -seven permanent ground water holes were drilled by con- 
struction forces below the north embankment and along the south res- 
ervoir rim to determine the effect of reservoir fluctuations on ground 
water levels, below tbe dam. Regular observations have been made on 
these wells, and also on four weirs installed by construction forces in 
1943 below saddle dam No. 1. Weekly to biweekly measurements have 
been made of total flow in the drainage gallery in the dam, supple- 
mented by monthly measurements of flow from each of the foundation 
drain holes. Total foundation drainage at high pool, as measured 
in the gallery, decreased from about 60 gallons per minute in 1943 to 
from 10 to 20 gallons per minute in 1947. 

In April 1943, when construction on the Dandridge dike was near- 
ing completion, a minor seepage condition developed below the land- 
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ward toe near the south end oi the dike. A careful investigation 
was made of this situation and a permanent recording weir was in- 
stalled to measure the amount of the flow. K-egular observations made 
whenever the reservoir was high enough to produce seepage show a 
progressive decrease in seepage flow from year to year at equivalent 
pool stages. In June 194:6 the seepage had decreased to a negligible 
quantity of le>ss than 2 gallons per minute. 

Evaporation studies 

Closely allied with rainfall data are those related to evaporation 
from land and water surfaces. In December 1941 an evaporation 
station was installed at Carson-Kewman College, in Jeferson City, 
Tenn., for measurement of evaporation from a standard land pan, 
The station observations include air and water temperatures, wind 
velocities, relative humidities, and barometric pressures. Annual 
evaporation for tlie four complete years 1942 to 1945 averaged 43.5 
inches, of which 55 percent occurred during the months from May 
to August, inclusive. The maximum yearly amount was 45.9 inches 
in 1944, and the maximum monthly evaporation was 8.15 inches in 
June of the same year. 

Reservoir and river temperatures 

Observations of water teini^^eratures in Douglas Reservoir are being 
made monthly at four verticals between the dam and D. S. Highway 
1^0. 25E bridge. In addition, water temperature recorders have been 
installed at the bridge below the dam and above the head of backwater 
on French Broad, Nolichucky, and Pigeon Rivers. Information on 
inflow temperatures and temperatures at various levels in the reservoir 
is useful to industries and in recreational, biological, and stream 
pollution studies. Water at the lower levels is particularly valuable 
to industries requiring water for cooling purposes. During the sum- 
mer months such water is about 30° cooler than that at the reservoir 
surface or in nearby flowing streams. 

Water analyses 

During the year May 1936 to May 193T, weekly samples of water 
were collected for mineral and pollution analyses from the French 
Broad River just above its mouth, 32 miles below Douglas Dam, 
During the year August 1937 to August 1938, similar samples were 
collected weekly from the Nolichucky River below Greeneville, 
the French Broad River near ISTewport, and the Pigeon River above 
IS’ewport. 

A considerable number of mineral analyses of water from domestic 
wells located near the shores of the reservoir have been made in con- 
nection with other studies being made to determine whether or not 
the filling and existence of the reservoir caused any damage to such 
wells. Among these wells were several located in Dandridge. In con- 
nection with these studies a number of analyses of reservoir water were 
also made. 


SILT EWESTIGATIONS 

_ The TVA has carried out an extensive xerogram of silt investiga- 
t ions in order to determine the reduction in reservoir capacity by silt 
deposition and the effect of silting in navigation channels. In addi- 
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tion, intensive investigations have been made on selected small water- 
sheds to obtain data on loss of fertile topsoil^ and to determine the 
efficacy of various protective measures in reducing erosion and silting. 
From 1934 until 1942 silt samples were collected from a number of ■ 
points on the Tennessee River and its major tributaries and were an- 
alyzed in order to arrive at a relationship between flow and silt load. 
With these data it is possible to estimate the number of years required 
to fill the various reservoirs. 

The progress of reservoir sedimentation is determined by periodic 
sounding of ^selected ranges throughout each reservoir and by com- 
parison of these soundings with the original cross sections. 

Bese'TVOiT silting , — Studies of reservoir characteristics and determi- 
nations of the silt load of the French Broad River indicate that 
Douglas Reservoir will fill to minimum operating level, elevation 940, 
in about 180 years. Silting to the top of the spillway gates, elevation 
1002, will require an estimated 1,200 years. 

Before Douglas Reservoir was filled, 48 silt ranges were selected 
and cross sectioned to serve as basic data for the determination of the 
progress of silt deposition. These ranges extend up the main river 
from the dam to the mouth of Pigeon River and up the various tribu- 
taries to the head of normal backwater. 

FORESTRY 

Reforestation, erosion control, and forest management 

Of the 2,400 acres of land acquired in fee title above pool within 
the Douglas Reservoir area, it is estimated that some 1,000 acres are 
forested. The remainder is agricultural acreage, generally of such 
condition as to present no immediate soil-erosion problem. 

Since most of the forest acreage is located in segregated units on 
inaccessible islands or peninsulas, it is not expected that the timber 
resources will be of appreciable economic significance as compared 
to other reservoir properties in the custody of TVA. However, these 
resources will be managed in keeping with sound management prac- 
tices for local demonstration and community education. Consider- 
able forest acreage is within or contiguous to proposed recreational 
use areas and will be considered in protection plans and measures 
to conserve and enhance the recreational values. 

FISH AND GAME 


Fisheries 

Douglas is a storage reservoir relatively deep and with steep shore 
lines. It is subject to a severe annual draw-down. These physical 
and operational features all contribute toward a lower productivity as 
compared with main-stream reservoirs. Douglas Reservoir has a fish 
population very similaT to that found in Norris— the black basses, the 
pike, crappies, various sunfish, and the usual river- run of food and 
rough fish species. Since the physical and operational features of 
Douglas are in all respects very similar to Norris, fish production may 
likewise b^ expected to be very similar; that is, periodically there 
should be good sport fishing. The rough fish, such as carp, should 
show a decline after the first few years or impoundment. If this com- 
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parison with l^orris Eeservoir is valid, fishing in Douglas should he at 
least 40 times as heavy as it was ixi the original river. 

Because of the shape of the reservoir, and because of the relatively 
large volume of water moving through it, this body of water is subject 
to an atypical vertical stratification with respect to dissolved oxygen 
turbidity during the summer. This atypical stratification is the re- 
sult of density currents.^ Experience on N’orris Eeservoir has shown 
that this atypical stratification of the water causes a redistribution of 
the fishes with respect to depth and this, together with the relatively 
great depth of the reservoir, affects the kinds of fish and'deads people 
to believe that fish are scarce when they are merely difficult to locate. 

No fish cultural facilities are contemplated for this reservoir because 
it is felt that natural proj)agation will maintain desirable fish 
populations. 

Game 

The development of small game — quail, doves, rabbits, squirrels, and 
such fur bearers as raccoon and opossum will depend very largely on 
agricultural and forestry practices. Muskrats will be affected ad- 
versely by the severe winter draw-down. 

Migratory 'materfowl , — Because of wide ffuctuation in water level 
resulting in the absence of aquatic vegetation the possibilities for 
migratory waterfowl are limited. 

AGRICULTURE 

The TVA acquired approximately 33,050 acres of land for this 
project of which about 28,100 acres were below and 4,950 acres were 
above the maximum operating level of the reservoir. Contrary to 
the policy followed in other major storage reservoirs, most of the 
acquisition was by flowage 'easement rather than by fee purchase. 
Adoption of this policy resulted in the acquisition of very little land 
not subject to flooding and left in private ownership portions of more 
than half of all land tracts affected by the reservoir. Retention of 
these remnants permitted owners to make temporary readjustments 
rapidly and materially lessened the total loss in agricultural produc- 
tion. 

Ill this reservoir TVA acquired fee title only to about 2,330 acres of 
land not subject to flooding and most of this acreage was either not 
suitable for agricultural use or was required for some other purpose. 
For this reason the usual arrangements whereby organized groups of 
farmers advised and assisted in the development of plans for agricul- 
tural use of TVA controlled land were not entered into and the very 
limited areas available were licensed by TVA upon informal advice of 
local agricultural extension service representatives. 

A fairly large acreage of the fertile river bottom land acquired by 
TVA had been used for the production of vegetables for canning in 
two nearby commercial plants. The loss of this production was 
serious and raised^ some question as to whether or not these plants 
could get the agricultural products necessary to permit continued 
operation. In order to determine the extent to which commercial 
vegetable production might be maintained in the area, arrangements 
were made for the University of Tennessee to conduct some research 
in the production of vegetables on soil types common in the area. 
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Irrigation was an important part of the research and results have been 
very helpful to farmers in determining the uses which could be made 
of land to provide maximum returns to the operator and at the same 
time help provide the raw materials necessary to support local process- 
ing plants employing a large number of people. 

RECREATION 

Douglas Lake, lyi^ in the valley of the French Broad River along 
the foothills of the Great Smoky Mountains, supplies this scenically 
attractive region with new and important recreational opportunities. 
Although the lake lies close to a recreational area of national im- 
portance, its completion during wartime was not immediately fol- 
lowed by recreational development along the shore line. This general 
region is agricultural, containing none of the metropolitan centers 
lying so close to other lakes of the TVA system. 

Major routes of tourist travel between the Southern Highlands and 
Northern States cross Douglas^ Lake at strategic points. Many 
travelers are thus attracted to this vicinity for vacationing iiurposes. 
Douglas Lake, because of its location and scenic mountainous setting 
will eventually become a most important recreational factor in this 
region. 

The immediate setting of Douglas Lake is a series of low slate 
knobs, with parallel minor ridges and valleys which make up the 
valley of east Tennessee. To the south are the Great Smoky Moun- 
tains and, in the foreground, English Mountain serving as a back- 
drop, and contributing great scenic beauty to the lake. The Great 
Smoky Mountains rise even higher than English Mountain, but at a 
greater distance southward, and being visible from all sections of the 
lake, contribute to the mountainous aspect of the region. The main 
shore line of the lake, exclusive of islands, is 492 miles at normal 
maximum pool level. 

In view of the need for intensive use of all available agricultux’al 
land in the immediate vicinity, TVA considered it unwise to purchase 
more of the lake shore line than was required to m^et absolute mini- 
mum requirements for public access. For this reason, lands now 
available for recreational development and use are confinecl to a 
relatively few small areas. These are strategically located with re- 
spect to centers of population and main arteries of highway travel, 
and will provide for a variety of recreational uses for both local 
residents and tourists. 

The water level of the lake is subject to a maximum possible fluctu- 
ation of 82 feet. During a normal year, however, fluctuation is not 
expected to exceed 67 feet. Although this draw-down to some extent 
mars the beauty of the lake, it generally occurs during the winter 
months when it will not seriously hamper recreational development. 
The anticipated disadvantages are oflset somewhat by convenient 
access from existing travel routes and the beauty of its surroundings. 
These disadvantages can he oflset further by the provision of adequate 
recreational facilities and the maintenance of high standards of serv- 
ice and accommodations. 

In addition to providing a new recreation resource for residents of 
the lake area, Douglas Lake is attracting many tourists and nonresident 
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yacatioiiists. The scenic attractions of the Great Smoky Mountains 
National Park have long been tourist ob j ectives. F or the past 10 years 
this park has been visited either by more tourists than any other na- 
tional park, or has ranked second only to the Shenandoah National 
Park. The shores of Douglas Lake form an ideal setting for resort 
hotels, vacation cottages, and other similar accommodations for tour- 
ists to the Smoky Mountains area. Projected access roads and park- 
ways will tend to facilitate access between the park and the lake. Al- 
though it is expected that Daiidridge, the only incorporated town 
directly on the lake shore, may become the principal recreation service 
center for the lake, communities such as Newport, Sevieryille, and 
Chestnut Hill should also benefit directly from increased tourist trade. 
Development of a lake-shore park by the town is stimulating Dandridge 
as a recreational seiwice center. 

Although TVA, in ccoj^eration with the Tennessee Department of 
Conservation, formulated the comprehensive plan for use of its Doug- 
las Lake properties, actual development of recreational areas and 
facilities is being carried on by citizens of the region either directly 
or through the appropriate branches of their state and local govern- 
ments. Only in the iinmediate vicinity of the dam and powerhouse, 
where it is the obligation of TVA to undertake such public develop- 
ments as may appear desirable, does TVA function both as planner and 
effectuating agent of recreational developments. While local public 
agencies can be expected to imdex-take the sponsorship of a limited 
number of public recreation areas, such as the park at Dandridge, no 
state parks are planned on the lake shore. It is also improbable that 
federal agencies, such as the United States Forest Service or the 
National Park Service, will extend their spheres of influence from 
the mountains to include portions of the lake shore. To a large extent, 
therefore, recreational developiment on Douglas Lake is dependent 
upon private initiative. ^ 

As at other TVA projects comxDleted since the outbreak of war, the 
development of TVA-owned land in the immediate vicinity of the dam 
and powerhouse was deferred until the postwar period. Tentative 
plans call for the construction of an overlook building, provision of 
picnic facilities, and other accommodations for the visiting p)ublic. In 
the powerhouse, at the north end of the dam, visitors’ accommodations 
will include a. reception room and information disxflay, toilets, and an 
observation gallery overlooking the generator room. 

TVA reservoir lands available for recreational develox)ment and use 
have been classified in accordance with their location, size, potential 
value, and in relation to the estimated needs and probable abilities of 
developing agencies or organizations. The following sections gener- 
ally divide developmental responsibilities , among public agencies, 
quasi-public groups, and individuals. 

Public sponsorship development areas 

Included in this classification are those areas large enough to per- 
mit recreational developments to serve the general pjublic, such as 
county and municipal parks. The Tennessee Department of Conser- 
vation has expressed an interest in opportunities for supplementing 
the state park system through the development of public-use areas in 
this section of the state, by local public agencies — county or city. 
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Flat Creeh recreation area. — This area of some 90 acres, lying just 
upstream from the south abutment of Douglas Dam at the mouth of 
the Flat Creek embayment, offers excellent opportunities for the de- 
velopment of a public recreation area. Access to the lake shore line 
over good roads provides Sevier County and Sevierville with oppor- 
tunities for recreation in the scenic lower reservoir area. Sponsorship 
of a development by Sevier County eventually may provide desirable 
protection to the natural scenic vaiues in this vicinity and is expected 
to form the nucleus for a larger park area of some future importance 
in this section of Tennessee. 

Directly across the embayment is a long, narrow peninsula contain- 
ing approximately 156 acres suitable for development as a group camp 
area. In the event this area could be included within the Flat Creek 
recreation area development, the joint efforts of Sevier and Jefferson 
Counties would be advantageous an d in the public interest. The group 
camp area is primarily suitable for quasi-public sponsorship, 

SoutKbridge Parh area, — ^Approximately 85 acres of TVA land on 
the south side of the lake, opposite Dandridge, are under lease to the’ 
city for park development. An island of some 40 acres, at the south 
abutment of the relocated Dandridge Bridge, has been connected to 
this portion of the mainland by the^highway approach fill, creating an 
excellent harbor area west of the highway. 

Although the island is nearly bare of trees, the excellence of the 
harbor and its accessibility over the relocated Dandridge-Chestnut 
Hill Road indicate the importance of the area for future recreational 
use. Sponsorship of this attractive area by the city of Dandridge in- 
sures the development in the future of iidequate public-use recreation 
facilities at this strategic point, about midway on Douglas Lake. 

Quasi-public development areas 

Three selected areas along the shores of the lake are considered 
suitable for the special use of organized camping groups or organiza- 
tionfe for vacation and recreation programs. 

Flat Greeh group camp area. — ^This land, previously mentioned in 
connection with the Flat Creek public sponsorship recreation area, 
is isolated from access by road and ideal for organized camp use. 
Its approximate 156 acres could be developed separately or in con- 
junction with the potential public-use area. Considerable demand 
for group camp locations is expected to develop in Sevierville and 
near-by communities near the lower end of the lake, especially in 
view of the importance of the recreational resources represented in 
this reservoir and the relatively small acreage available for such 
public use. 

Bandy Ridge group camp area. — The western portion of this area, 
located near the village of Sandy Ridge and accessible from the 
Dandridge-Chestnut Hill Road, is suitable for group camp use and 
development. This area is composed of a series of small, partially 
wooded peninsulas, forming a larger peninsula which juts into the 
Muddy Creek embayment and commands views southward to 
English Mountain. The approximately 35 acres of land avail- 
able here would provide the south shore of the lake with an important 
group camp site in the vicinity of Newport. 

794091 — -22 
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Indian Oreeh group camp area . — The peninsula between Muddy 
Hollow and the Indian Creek embayment is accessible from a relocated 
county road. The area is relatively remote, consisting of a number 
of partially wooded knobs or ridges extending up to 140 feet above 
the nonnal pool level of the lake. The site, of approximately 40 
acres, provides superb views and is svifhciently large to permit or- 
ganized camping development. 

Private development areas 

Areas of TVA land available for private development on Douglas 
Lake are limited to fishing camps and boat docks. This is primarily 
dpe to the restrictions upon the purchase of land in this rich agricul- 
tural section. Eleven areas, totaling approximately 26Y acres, have 
been designated as suitable for this type of development. Two of 
these areas are in Sevier County, one in Cocke County, and the re- 
mainder in Jefferson County. The largest of these, the Millican area 
in Sevier County, contains 113 acres which are available for the 
development of a fishing camp with related facilities. This area is 
located east of the Millican community and is at the nearest accessible 
point on the lake to Sevierville and the Great Smoky Mountains 
Rational Park. This cove has been prepared for the use of pleasure 
boats and a boat-landing ramp hast been provided, Considerable use 
of this site is anticipated, especially during the summer recreational 
season when the lake is somewhere within the nonnal levels. 

Tlie second largest is the Tryon area totaling some 45 acres on two 
peninsulas on both sides of the Indian Creek Gap in Jefferson County. 
This rather rugged, partially forested area is suitable for cabins for 
overnight occupancy, or for related uses, and is potentially important 
for tlie development of a fishing camp and boat dock^ in view of the 
relatively easy access to the site from the vicinity of Newport. 

The Frye Branch area, totaling approximately 34 acres on three 
peninsula tips of land surrounding the embayment just east of Shady 
Grove in Jefferson County, is available for a boat dock adjacent to 
the highly traveled Dandrige-Douglas Dam Eoad. This is the only 
such site between these two points along the north shore of the lake 
which is available for this use. Its prepared harbor, plus excellent 
accessibility to the shore line, indicates the future importance of the 
site iov a commercial boat-dock develoi:)ment for recreational purposes. 

Sizes of the remaining eight areas range between 22 and 3 acres. 

, All were selected for possible private development of fishing-camp 
and boat-dock facilities because of tbeir locations in relation to centers 
of population not otherwise served, easy public access, prepared 
harbors, and scenic surroundings. 

In addition to the areas listed„certain other areas on Douglas Lake 
have potential values for public use. 
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Chapter 8 

COSTS 

Immediately upon authorization of this project, accounts were 
opened by tlie Cherokee project office. Two months later, when 
quarters were available, an accounting office was established at the 
Dohglas project site. . 

The accounting office was responsible for all accounting and cost 
work in connection with the construction of the project. Field offices 
were established at Morristown, Tenii., to handle payrolls and ware- 
house operations in connection with reservoir clearing operations, 
highway and railroad relocation activities, and backwater protection 
work. These costs were currently incorporated in the project ac- 
counting records. 

Organization and division of work 

The project accounting office was responsible for the maintenance of 
all accounts and financial records for the project and included general 
accounting, cost accounting, bookkeeping, timekeeping and payrolls, 
warehouse operation and accounting, collection of and reporting cash 
receipts, record of disbursements, shop accounting, preparation of 
financial and cost statements, accounting for operation of employee 
housing, preparation of final project cost report, and development of 
data for establishment of continumg plant records for the project. 
Supervision of these functions was exercised by the project accountant 
through section heads whicli were: the accountant in charge of ac- 
counting and timekeeping; the cost engineer in charge of cost and 
related work; the chief storekeeper in charge of receiving, storing, 
and issuing materials; the respective chief clerks of the reservoir 
clearance and the construction and maintenance divisions located on 
the project. 

Accounting 

Bookkeeping entries wex^e made from documents such as public 
voucher for purchases and services other than personal, journal 
vouchers, shipping tickets, invoices issued, cash collection reports, and 
shop orders, describing the nature of the item, the document number, 
and amount. These entries were made wuth the use of an accounting 
machine. Each ledger sheet account wa^unade in triplicate. A new 
sheet was opened for every account; A'j the beginning 5f month, 
thereby making it possible to simwltariebusly close the aGCoitii%,of one 
month, to prepare trial balances,^^mt6 start the next montK’^ e^ries.^ 
Since departmental budgets of’tlie TVA are prepared in teAis of 
objects of expenditures, as well.afe^in terms of jp^ff>5ses for 'which 
expenditures are made, separate^'obj§ct-of-expenditure l^ger sheets 
were set up to record expenditure^^vjfeinEfied- and gr(;|uped‘to show 
income and expenditures according service or 

articles involved and by organizations. Tqtfl's^SS’cost account ledger 
sheets were balanced by organizations with totals on object-of-ex- 
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penditure ledger sheets elimina,ting the necessity for maintaining 
other control accounts for the cost account ledger sheets. Monthly 
financial reports were prepared directly from the ledger sheets and 
consisted of trial balance, organization statements, and objects-of- 
expenditure report. 

Publio 'voucher for purchases and services other than personal. — ^In- 
voices were received by the accounting 'office, dated, verified,^ and 
checked against proper purchase order and/or contract. Receiving 
reports were prepared by the warehouse and forwarded to the account- 
ing office with delivery tickets, freight bills, and, if applicable, over, 
short, and defective reports and formed the basis of final acceptance 
of the charge. Youchers were then prepared and forwarded to the 
Knoxville office for payment. The accounting office retained one copy 
of the voucher complete with supporting documents which after entry 
was filed numerically by months and one copy of the voucher, with 
no supporting papers, wliich was filed alphabetically. 

Journal vouchers, — ^Payroll distributions, warehouse issues, machine 
time distribution, clearing accouiit distribution, transfers from other 
offices and corrections and adjustments were summarized on journal 
Touchers. These vouchers were filed numerically by months with 
supporting papers attached with the exception of warehouse issues 
and machine time distribution vouchers. Warehouse issue requisi- 
tions were filed by account number by months and machine time 
reports were filed by machines by months. 

Shipping tickets. — ^Incoming shipping tickets supported charges 
from other offices and were summarized on journal voucher. Out- 
going shipping tickets, or those covering shipments of materials or 
equipment from the ^Droject were given a job filing number just prior 
to posting and filed numerically by this number. 

Invoices issued. — ^Billings to outside parties were made on an invoice 
form, one copy of which, with attachments, was retained for posting 
to ledgers. 

Gash collection reports, — ^Reports covering cash collected principally 
in connection with commercial unit operations in the camp, were 
posted direct to ledger sheets and filed in chronological order. 

Shop oi'‘ders . — Cost of work done in the machine and carpenter shops 
was collected on individual job orders and at the end of the month 
posted to ledger sheets. Shop orders were then filed in numerical 
order. 

Timekeeping 

Timekeeping for houxdy employees was controlled by the use of the 
brass check systean. Each employee on reporting for work for the 
first time was assigned a number and given an identification badge 
and brass check each bearing this number. He was instructed to draw 
the check when reporting to work at the beginning of each shift and 
to drop it at the check booth when completing his work for the shift. 
In addition to control obtained by this method of checking starting 
and quitting time field time checks were made twice a day and the 
employee’s presence was noted on the time ch ecker’s sheet. These sheets 
were turned over to a payroll clerk for comparison with reports turned 
in daily by each foreman listing the employees in his crew ; the hours 
worked, and jobs on which each individual worked. The result of 
these comparisons formed the basis for payment of hourly employees. 
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Time was posted to individual employees ledger sheets from these 
records, and payrolls were prepared from the ledger sheets. Time 
of annually rated employees was obtained from monthly time sheets, 
approved by their immediate and general supervisors. In comiec- 
tion with payroll preparation the time office was charged with respon- 
sibility for making various payroll deductions such as tax, retire- 
ment, medical care, dormitory rent, cafeteria meals, and cash advances. 

Cost engineering 

This unit established and maintained a job classification of accounts 
in accordance with requirements of the master classification of con- 
struction accounts; set up the total budget at the beginning of con- 
struction from information obtained from construction schedules, the 
original estimates and the job classification of accounts; prepared 
monthly budget studies to incorporate quantity and cost changes as 
the work progressed and prepared fecal year budget based upon the 
original budget as modified by changes in both the construction sched- 
ules and actual costs. They established routines for the collection 
of field data such as : use of electricity, water, compressed air and other 
clearing accounts to enable monthly clearances of these facilities; in- 
formed the field and office engineers of data required for distribution 
of costs such as cofferdam, excavation, and concrete ; prepared requests 
for inventory to be obtained from the field and office engineers for 
] 3 reparatioii of cost and final plant records reports; coded all labor, 
materials, machine time and shop costs; established use rates for 
machine time, checking periodically for correctness; prepared peri- 
odic cost analyses for the information of job management; currently 
prepared analyses of accounting records and on completion of -work 
reconciled these records with final inventory data furnished by the 
engineers. From these reconciliations were prepared the final cost 
and plant records report. 

Warehousing 

The procedure for securing materials began with the designated 
foremen or suiDervisors preparing a request for purchase, listing and 
describing the desired materials or services. After proper account 
number had been added, the request went to the warehouse where a 
X^urchase requisition was written and forwarded to proper offices for 
signature and certification. The requisitions for construction mate- 
rials and equipment were approved by the construction superintendent. 
Those for permanent equipmeart or materials were approved by the 
construction engineer. In general, only requisitions covering expendi- 
tures for more than $2,000 were approved by the project manager. 
The requisitions were then forwarded to the TVA’s purchasing organ- 
ization which handled the purchases through the regular procedures 
as established by the TVA Act. Upon delivery, receiving reports were 
prex)ared, checked with purchase order, and when shipment was com- 
plete, f orwarcled to the accounting office. 

Eeceipt of material involved proper tagging and storage and entry 
on stock ledgers if material was an inventory item. If not an inven- 
tory item, it was tagged and stored pending need by originator of 
request for purchase. To account for these latter items, the warehouse 
kept a ledger showing requisition, purchase order, description of items, 
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location in tlxe warehouse, date of withdrawal and name of person 
making withdrawal. 

A record was kept of all inventory material issued to the job, describ- 
ing the use for which the material was intended, listing the items 
issued, and was signed by the issue clerk and the receiver. These were 
accumulated monthly, priced by the accounting office, and clearance 
from inventory accounts was made to cost accounts by journal vouchers. 

All material leaving the project was listed on shipping tickets. 
These were prepared in the warehouse and transmitted to the account- 
ing office where billing was made against receiving agency. Receipt 
for incoming material from other, sections of the TVA was effected 
through completion of the inspector’s copy of the shipping ticket and 
preparation of receiving reports. 

All collect freight shipments were made on Government bills of 
lading. Carriers rendered freight bills showing the bill of lading num- 
ber and accepted the “accomplished’’ copy of the bill of lading in lieu 
of payment. Settlement for freight charges was made by the account- 
ing office in Ehoxville after audit by the General Accounting Office 
in Washington. The liability for the transportation charges was 
recorded, through field voucher. 

SUMMARY OF COSTS 

The final cost of the original Douglas project, as reported herein 
at $40,244,34:8.87 (General Summary, p, 333), and as reflected by the 
books of account at June 30, 1945, includes hydraulic multiple-purpose 
plant consisting of land, land rights, structures, improvements, and 
equipment; transmission plant consisting of the primary substation 
located at the dam site and constructed concurrently with the dam ; 
and general plant comprising^ intersite commnnication equipment. 

The final cost of the project by character of expenditures is as 
follows : 

Land costs $0,877,233.41 

Construction costs : 

Direct construction costs $28, 443,14=1. 10 

Indirect construction costs 1, 946, 625. 97 

30,389,767.07 

Distributive general expense : 

Design and construction engineering 1, 812, 736. 58 

Executive and administrative costs 1, 310, 324. 89 

Otber general costs 354, 286. 92 

2, 977, 348. 39 

Total 40, 244, 348. 87 

Land costs amounting to $6,877,233.41 cover reservoir land acquired 
in fee or by certificate of taking in condemnation proceedings; reser- 
voir flowage easements; and easements for relocation of highways, 
railroads, and public utilities. 

Direct construction costs totaling $28,443,141.10 are for labor, ma- 
terial, construction plant, equipment, tools, shop expense, warehouse 
charges, transportation, and other similar expenditures. 

Indirect construction costs amounting to $1,946,626.97 include field 
superintendence, accounting, cost engineering, timekeeping, personal 
travel and subsistence of employees on official business, office supplies 
and expense, construction plant studies and design, police and guide 
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service, temporary access roads and railroad, camp operation, and cost 
incurred in obtaining equipment originally ordered and delivered to 
other construction projects, to permit earlier operation of the Douglas 
project (p. 352). These indirect construction costs have been dis- 
tributed to their related direct construction costs. 

Design and construction engineering costs total $1,312,736.58 and 
iiicliid.6 salaries and expenses of field and executive supervisory en^i- 
iieers, concrete technicians and inspectors; engineering for control 
lines and bench marks; general examination, studies and reports on 
proposed dam sites and effect of dam construction on sinks, wells, 
and springs in the reservoir area; design of all permanent structures, 
including highway and railway relocations; and landscape treatment 
at dam site (p. 353) . These costs have been distributed on the basis of 
related construction costs, that is, relocation engineering to relocation 
work, and dam, powerhouse, and switchyard engineering to dam, 
powerhouse, and switchyard structures and equipment. 

Executive and administrative costs in the amount of $1,310, 324.89 
consist of the Douglas project’s px^oportion of the total departmental 
and general administration of the Tennessee Valley Authority (p. 
353). These costs have been prorated over all accounts exclusive of 
purchase price of land. 

Other general costs amount to $354,286.92 and consist of such ex~ 
penses as reservoir and dam-site mapping; pro rata share of the cost 
of collection and compilation of basic hydrographic and hydrologic 
data; project and regional planning studies; construction medical 
service ; personnel anct training department services; and the prepara- 
tion of a final project report (p. 353) . These costs have likewise been 
distributed over all accounts exclusive- of purchase price of land. 

Summary statements of detailed analyses of costs are presented in 
the schedules which follow. 


Table 42 , — Final project cost— general summary 


Account 

Description 

Amount 

20 j 

HYDBAULIC MXJLTIPLE-PUEPOSE PLANT 

Land and land rights - - 

$14,853,842.67 
3, 364, 416. 66 

21 1 

Structures and improvomonts 

22 

Reservoirs, dams, and waterways -- — - 

Water wheels, turbines, and generators - 

18,303, 237.98 

23 

2,147,898.90 

24 

Accessory electric equipment — - 

411, 345.65 

25 

Miscellaneous power-plant equipment 

396,214.66 

27 

Village and reservoir facilities 

21,028.35 



30,496,084.67 

42 

TBANSMiaSION PLANT 

Structures and iinproveiiients 

287, 518. 04 

43 

Station equipment- : 

418, 653.04 

706,071.98 

42, 296. 80 

78 

GBNEEAL PLANT 

Communication facilities 

Deduct; 

Reserves on permanent equipment transferred from other projects — 

42,296.80 

40,246,353.45 

1, 004. 58 


Total— - 

40, 244, 348. 87 
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Table 43 — FinoZ project cose— detail summary 


Direct 
eonstmction 
costa; labor, 
mateilal, an-d] 
otlier charges 


DistrlhutlTB gcueral expense 


Executive , 
and adrainls-l 
trative costs 


HTOBAltLlC MTHriPLE PtPtPOSE PUKT 

Land and land rigdits- 


207 , EeloiSting other stracturesaaidifflipreveaents.-. 


Structures and liuiirovements; 

212 General yard iajprovainBnts... 

212 Powerhouse . 


Misceilaacotis inrildhigs... 


Eeservoirs, dams, and waterways; 

Eeswvoir- 

Concrete dam and spillway. 

AuxiUaiy dams... 


Water conductors 


Water wheels, turbines, and generators; 

Foondations and miscellaneous steel and hott 

Turbines, including scroll ease, speed ring, and draft 
ktbeliners. 

Auxili 


Auxiliary equipmmt lor generator. 


Miscellaneous equipment ior turbine and generator. . 


4,006,851.79 

1,788,1185,20 

838,790.21 


64,356,38 
25,904,62 
2. 981 84 


$5, ,198, 147. 21) 

' 399,843.05 

.6,084111.89 
1,816, 509. 14 
342,676.89 


$280,031.3? 

73,127,66 

43,580.53 


$1,671.14 

10,285.30 


76,95510 

16,728.83 


4,403.52 

68,516.42 

20,807,48 

4,263.25 


$6,400,443.15 
420,531.93 
5,639,681.66 
1.987,550,38 
41)6, 235. 65 


3 4 041,735.08 


288,469,50 

2,085,253.73 

448,805.30 

5,148.06 


12,115,50 

89,319.91 

19,133.49 


13,274,55 

90,177.39 


3,689.22 

20,004.51 

6,571.90 

64.17 


927,785.98 
11,996,046,0.8 
1,772,986.82 
724 371.39 


82,541,74 

1,073,755.03 

98,38L72 

64,837.83 


65,95640 

513,839.53 

51,190.37 

31,027.77 


553,283,59 

78 , 300.84 

33,409,87 


11,863.49 

149,598.74 

24,173.43 

9,038.41) 


15,740,707.19 


3,373.46 

745,173.09 

97,104,84 

53,047.56 

802,241,27 

23,049.12 

18,548.46 


8,691.77 

4748.24 

77,17647 

2,063.11 

1,660.35 


3,675,41 

812,962.40 

10,5,796.61 

67,795.80 

939,419.71 

25,112,23 

20,208.70 


144.60 

31,961.63 

4,159.46 

2,272.24 

36,933,30 

987.20 

794.51 


34,416.43 

4,478.73 

2,445.69 

39,768.79 

1,063.08 

855.60 


42.07 

9,305,28 

1,210.98 

661.54 

10,752.73 

287,44 

231.31 


1 1,808,537.79 I 181,433.1(1 


1,964,979.89 


77,252.87 


83,183.81 


22,491,33 


14,853,84267 O 


344766.47 

2,483,4(14.09 

632,116.79 

6,128.61 


838,644.74 

11.5,645.70 


1,02^ 874.59 
27, 45a 04 
22,090.02 


Accessory elcctrie equipment; 


242 awitdtooaids..: 



50,751.05 

4,542.68 

11,579.58 

2,129.45 

767.90 

4,937.14 

2,632.34 

5,337.07 

55.293.73 
140,947.18 

13.747.74 
9,225.17 

60,095 07 
32,040.93 
64,963.06 

2,173,88 
5,541,34 
540.49 
362.69 
2, ,362, 64 
1,259.69 
2,554.02 

2.340.77 

5.966.77 
581.98 
390.54 

2,544.02 

1,366.40 

2,750.10 

632.90 

1,613.30 

157.36 

105.59 

687.86 

365.74 

743.58 

00,441.28 

ia,oe8.59 

15.027.68 
10,083.99 

65.689.69 

35.023.76 

71.010.76 

243 Protective eauinineci 

244 Electrical structures... 



246 Conduit wort . 

Si6 Paw aid control wiint 

349 Stationservice enuimnftTit 

Misffillcnmw power phmt rt,ii iniiivi; 1 : 

fflZ bllilirit! fll(iii|ii;!l!nin.|‘(j||];)n‘n,,i| 

255 ( .1 1 

256 <■■■.■ . , . . . , 

258 , 

2® , .. 

Vilteandreservoa-fafiCities; 

271 Eeservdi operation facilities. 

Tdtal hydraniiormiltiple-purpose plant 

lEANSJUSSIOlfFUKT 

Structures and improvements; 

422 Gmaral yard improvements. . 

424 Outdoor substation struEture 


66,157.93 

29,408,59 

59,626.99 


346,396.72 

30,916.16 

376,312,88 

14,794.75 

15,930.59 

4,307.33 

411,345,55 

1 

, 8,955,25 

' 280,468.96 
9,106.33 
0,27a 71 
28,050.76 

801.58 

25,104.53 

815.10 

471.78 

2,510,80 

9,756.83 

306,573,49 

9,92I.i8 

5,742.49 

30,661.66 

383.59 

12,013,63 

396.96 

225.76 

1,20153 

413.04 

17935.95 

420.01 

243.10 

1,293.77 

111.68 

3,497.54 

113.56 

55.73 

34181 

10, 665,14 
334,020.71 

19.845.08 

6.277.08 
38,406.67 


331,85201 

29,703.79 

361,555,80 

14,214.57 

15,305.87 

4,138.42 

395,214.66 


19,993,77 


19,993.77 


814.39 

230.19 

21,028.35 


19,063,77 


19,993.77 


814.39 

1,281, 342 07| 

320.19 

1 346.450.52 

21,028.35 
j 39,406,98467 

201.538.32 

85,930.62 

6877.233.41 

27,815,758.85 j 1,89 0,379.61 

36,583,371,87 

1 1,285,820.21 


169,226.77 

73,195,80 

15,147.34 

6,452.19 

184,374.11 

78,657.99 

7,248,67 

3,092,44 

7,80.417 

3,339,S6 

1 

■ 2,110.37 
900, SS 

Station equipinnDt: 

431 Switeigir ... 

- 

241,122.57 

21,609,53 

203, 652, 10 

10,341.11 

1I.13S.03 

3,010.70 

287,518.94 


111,914.53 

519.29 

16,144.88 

33.770.10 

40,654.72 

132,864,88 

16,530.28 

10,017.37 

46.48 

1,445.12 

3,022.73 

3,638.07 

21,892.62 

1,394.67 

121,931,99 

565.77 

17,590.00 

30,792,83 

44.293.09 

KA767.5C 

16,974.85 

4, 793. 76 
22.24 
691.65 
1,446.51 

1,741.41 

6,691.14 

667.37 

5, 161. 79 
23.95 
744, M 
1,557.50 
1,875 09 
6,128,09 
718.60 

1,395.05 

fl,4S 

2C1.34 

421.14 

507.00 

1,050.89 

194,30 

133,283.10 

618.44 

19,227.53 

40,213,04 

48,417.19 

158,233.62 

18,555.12 

432 Switeb beards 

4SS PreteativcequlBinent . 

435 Conduit work 

436 Power aafl control wiriug 

438 Main conversion equipment .i 

439 Station service equipment 




351,448,68 

31,457.80 

3829D6.a 

_15,0M ’ 

16, 209.72 

4,382.80 

418,55,8.04 

~W07L98 



592,871.26 

067.89 ( 

645,938.64 

25, 395.1^" 

27,344,7S]' 

7.S93,M j 


334 
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Table 44. — Land costs and direct construction costs — details 


HYDRAULIC MULTIPLE PURPOSE PLANT 

LAND AND LAND RIGHTS 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

200 

purchase price of land: 

This section of the account covers the 
cost of reservoir land purchased in fee and 
permanent easements acquired for which 
title rested in the U. S. Government as of 
June 30, 1945. Also included here is the 
’ ■ ’ ' ' ■ ■ ' ” er with 

jrts for 
which 
title as 

of June 30, 1946. 

Land rights acquired for relocation and 
protection of highways, railways, and 
municipal facilities are included in the 
respective relocation accounts. 

Reservoir land purchased in fee simple. 
Includes tracts in process of condem- 
nation where title had not been 
transferred as of June 30, 1046 (377 
tracts) . 

Reservoir land rights, flowage ease- 
ments (641 tracts). 

9, 971. 29 

Acre - 

$181. 20 

$1, 806. 808. 26 


23, 087. 50 

do 

197. IS 

4,552,351. 31 


Total reservoir land and land rights.. 

Other land costs associated with the 
Douglas project consisted of right-of-way 
easements for a permanent communication 
line serving the project. 

Oommunioation line right-of-way ease- 
ments (14,407 linear feet). 

This section of the accouut covers the 
cost of the demolition of buildings on land 
now owned by the TVA. Such buildings 
were purchased with the land and were 
located below the flow line and, therefore, 
had to be removed before water storage 

33,058,79 

15 

do 

Tract 

192.38 

47.67 

6,359,159.57 

71.5. 00 




began. 

The cost of demolition and removal of 
buildings. 


35,436.29 






Total account No. 200 




6, 396, 310. 86 

201 

Expense of land and privilege acquisition: 
Costs of acquiring land and land rights 
set forth in account No. 200 (33,068.79 
acres). 

1,018 

Tract 

392. 77 

399,842:05 





Total account No. 201 




399, 842. 06 

201 

-12 

Relocating highways and highway bridges: 
Bridge removal: 




25, 211. 70 

-20 

-2000 

-2002 

J efferson 0 ounty 

State and Federal highways (6.0 miles): 
Settlement with State of Tennessee. 
XJ. S. Highway 26-E, French Broad 
River to Allen Creek------- — -- 




64, 910. 00 




468, 776. 78 

-2081 

Sw£inn Bridge across French Broad 




1,247,686.28 

-2082 

JKilver ana u. o. xiigawaiy /u — ■ — 
Walter's Bridge across French 
Broad River on TJ. S. Highway 

9.fi-E 




299, 43L 97 


Total State and Federal high- 




2,080,804.01 

-30 

-3002 

County highways; ' ^ 

Sevier Comity a.'S miles); . 

Flat Creek Road, Eden Church 




31.110.41 

-3081 

to Gunwale Hollow — ~ — -- 
Bridge across French Broad 
River on Sevierville to Jeffer- 
son City Road at Douglas 




274, 006. 25 

-3101 

Sevierviile to JeflWson City 
Road — north side of French 
Broad River (formerly prin- 
* cipal access road north side, 

i project 1001). • 




J 70,648.88 
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Table 44. — Land costs and direct construction costs — details — Continued 
LANP AND LAND. EIGHTS- Contmued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

204 

RelocatinR highways and highway hridges— 
Continued 

County highways— Oontinaed 

Sevier County— Continued 

Sevierville to Jefferson City 
Road— south side French 
Broad River (formerly prin- 
cipal access road south side, 
project 1002). 




49,365.41 










425,030.95 


Jefferson County (27.4 miles): 




-40 

-4001 

-4002 




231,616.10 
7, 087.12 
11, 838, 12 

43.467.01 
29, 090. 24 

171,594.43 
66,055. 66 
7,366.90 
24, 480. 68 
13, 143. 95 
459,417.16 

69. 801.02 





Seehom Rond Road from U S 
70 across Koontze Creek. 








-4005 









^011 

-4012 

-4013 

-4015 

-4081 

-4501 

Leadvale-Solomon Ferry Road. 















Bridge over French Broad 
River at Dandridgo. 

Roaring Springs-Dickey School 
Road. 

Chestnut HlH-Daudridge Road 
at Muddy and Clear Creeks. 

Chestnut Hill-Dandridge Road. 

Ghestnut Hill-Dandridge Road 
at Chambers Branch, 










-4502 

-4503 

-4504 

-4505 

-4505 

-4507 

-4508 

-4509 

-4511 

-4512 

-4513 

288,764.08 

31.487.84 
16,140.62 

11.500.84 

227,857.60 

21,648.65 

56.776.98 
249, 216.77 

3,435.28 

5,247.64 

15.480.99 










Sandy Ridge east. 












Chestnut Hill-Dandridge Read 
Sandy Ridge Branch Road 







Muddy Creek Road, from Try- 
on to Dandridge Road south . 
Chestnut Hill to Dandridge 
Road. 












Total Jefferson County 

1 



2,042,415.67 






-50 

*-6001 

Hamblen County (0.20 mile); 
Solomon Ferry to Beulah 




23, 169.64 

L, 500.00 

-5002 

Chapel Road at Long Creek. 
Solomon Ferry Road at west 
bank of Nolichucky River. 








Total Hamblen County 




24, 659. 54 






-60 

-6001 

Cocke County (6.05 mUes): 

Holttown-Bybee Road. . 




118, 129.32 
28,368.84 
8, 660. 28 

-6003 

Clay Greek Road 




-6003 

Rankin-Bybee Road 




-6004 

Solomon Ferry-Point Pleasant 
Road. 

Solomon Ferry Road at east 
bank of Nolichucky River. 
Rankin. Bridge across French 
Broad River. 

Rankin-Newport Road...^ 



1 

17, 847. OB 

1, 500.00 

38,699.77 

29, 819.08 
32,201.66 
4, 144. 28 

-6005 




-6081 




■ -6501 




-6504 

Rankin Bridge Approach 




-6505 

AIcNabh School Road 









Total Cocke County 




279, 360. 28 






-70 

-7001 

Municipal streets (0,3 mile): 

Dandi’idge: 

Chestnut Hill to Dandridge 
Road in Dandridge. 

Tertiary roads: 

Sevier County (1 mile) 




39, 372. 17 

4, 883. 31 
70, 676. 67 
27, 432. 22 

-13 

-1303 




-1304 

Jefferson County (8.03 miles) 




-1306 

Cocke County (6.48 miles) 










Total tertiary roads 




i02, 891, 10 







Total account No. 204 




6. 019, 746. 42 
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Table 44. — Land costs and direct construction costs — details ' — Coutinued 
belocatinq highways akd highway bbibges-detail by components as 

INDICATED 
Bridge Removals 


Account 

Land riglits 
highway 
easements 

Land privi- 
lege acquisi- 
tion 

Construction 
and mainte- 
nance division 

Dam construc- 
tion division 

Contract work 

Total 

204-1204, 



$25.211. 70 



$25, 211.70 







State and Federal Highways 


2[)4-2000..- 





$64,910.00 

$64,910.00 

468,775.78 

1.247.686.26 

299,431.97 

-2002.,. 

-208L.J 

-2082— 

$10, 523. OO 
261. 00 

$3,015.36 

251.28 

$455, 237. 42 i 
369,003,78 i 
50, 924. 98 


$600,440.75 
248, 506. 99 ' 

277,729.45 





10, 784. 00 

3, 266. 64 

875, 106. 18 

848, 947. 74 i 

342,639.45 

2.080,804.01 


Sevier County Highways 


2(}4~3002.„ 

~308L.. 

-3102-„ 


$1, 591. 95 


2,065. 50 


$2,261.52 


763.84 


$27, 256. 94 
114,012.23 
36,482.39 
46,546.07 


$159,994.02 
34,066. 49 


3, 667, 45 


3,015.36 


224, 297. 63 


194,060. 51 


$31, 110. 41 
274,006.25 
70,548.88 
49,365.'41 


426,030.95 


Jefferson County Highways 


204-4001— 
-4002— 
-4003-„ 
-4004— 
■ -4005— 
-4006-.. 
-40]l-.„ 
-4012— 
-4013— 
-4015— 
-4081— 
-4501 — 
-4502— 
-4503— 
-4504... 
-4505— 
-4506— 
-4507 
-4608 
-4509 
-4511 
-4612 
-4613 


$3, 725, 00 

338.00 

673. 00 

877. 00 
2,062. 00 
5. 564. 20 
1, 545. 40 

131. 50 
1,249. 00 


1, 085. 00 
3, 163. 50 

142.00 
212.50 

519. 00 
3. 456.60 

716. 76 

766.00 
2, 225. 80 

184.00 

235.00 


28,849.26 


$3,015,36 
1,005. 12 
1, 005. 12 

1.507.68 
2, 010, 24 
4, 774. 32 
3, 517.92 
1, 256.40 

1. 507.68 


1, 507.68 
3,266.()4 

763.84 
1,005. 12 

753. 84 
3,517.92 
2,512.80 
2, 261. 62 
3, 769. 20 

251. 28 

753.84 


39, 953. 62 


$224, 775. 83 

5.744.00 
10, 160.00 

41.082.33 

25.028.00 
161, 265. 91 

50.992.34 

5.979.00 

21. 724. 00 
13, 143.95 

203,230. 10 

57.208.34 
128, 204. 89 

30. 592. 00 

14.923. 00 

10.228. 00 
130.791.72 

18,419. 00 
53, 760, 46 
102,335. 77 
3,000. 00 


15,480. 99 


1,328,069. 63 


$256, 187. 06 
*154," 129.’ os' 


90.092.36 


140,886.00 

'”4,"m80' 


645, 553. 27 


$231, 516. 19 
7,087.12 
11, 838, 12 

43.467.01 
29,090.24 
171,594.43 
56,055.66 

7, 366. 90 
24,480.68 
13,143.95 
459.417.16 

59.801.02 
288,764.08 

31.487.84 
16.140.62 

11.500.84 
227,857.60 
21,648.55 

56.776.98 
249,216.77 

3,435.28 

5,247-64 

15.480.99 


2,042,415.67 


Hamblen Coiinty Highways 


204-5001 

-.5002 

$96. 00 

.$502. 66 

$22,561.98 


$i,moo 

$23, 159, 54 
1,500.00 

96.00 

502. 66 

22, 561. 98 

1 

1,500.00 

24,669.54 
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Table 44. — Land costs and direct construction costs^details — Continued 

RELOCATING HIGHWAYS AND HIGHWAY BRIDGES-DETAIL BY COMPONENTS AS 
INDICATED-Contiaued 

Cocke Ooxtnty Highways 


Account 

Land Tights 
highway 

1 easements 

i 

Land privi- 
lege acquisi- 
tion 

Construction 
and mainte- 
nance division 

Dam construc- 
tion division 

Contract work 

Total 

21)4-0001 

-(5002 

-6003 

-(5004 

-6005 

-6081 

-6501 

-6504 

-6505 

$2,010.30 
130. 00 
200. 01) 
97. 50 

$2. 764. 08 
753. 84 
251. 28 
502. 56 

i $113, 354. 94 

27,485.00 

, 8, moo 

1 17,247.00 


1 

$118, 129 32 
28,368.84 

8.650.28 
17, 847.06 

1,500.00 
38, 699. 77 
29, 819.08 
32,201.05 

4. 144. 28 




■"! 




$1,500.00 ' 



38,699.77 
26, 701.00 
31,927.87 
3, 733.00 


354.00 

22,50 

moo 

2,76108 

251.28 

251.28 ! 









2.974.30 

7,538.40 

267, 347. 58 


1,500.00 

279,360.28 



Mttnicipal Steeets 


204-7001 


$1,990.00 


$1,256.40 


$36, 125. 77 


$39,372.17 


Tertiary Roads 


204-1303 

-1304 

-1306 

$214,00 
1.005,95 1 
1,252.40 ' 

$502. 56 
4,020.48 
3,015.36 

$4, 166. 75 
65, 549. 14 
23, 164.46 



$4,883.31 

70,676.67 

27,432.22 

2,472.35 ^ 

7,538.4(1 

92, 880. 35 



102,891.10 


Summary 


Total 

Account 

50,822.35 

63,071.28 

1 

, 2,871,650.82 

$1,043,008. 25 

$991, 192. 72 

5,019,746.42 

204 








LAND AND LAND RIGHTS-Coiitmaed 


Account 

Description 

Quantity 

Unit 

Rate 

Amouiu 

205 

_2 

-2 

Relocating railways and railway bridges; 
Southern Ry. system relocation; 

Land for transportation purposes; 
Purchase price of land easement. 
Land acquisition expense 




i 

$457. 80 





2, 261. 62 

-3 

Grading 




744, mm 

292,172.38 
88,372.73 
26, 663, 31 

-6 

Bridges, trestles, and culvert.s; 
Bridge at Ereneh Broad Rivoj’ , 
crossing 





Other minor structures 1 




~8 

Ties 

1 



-U 

Ballast 




133, 623. 74 

-12 

Track laying and surfacing 




190,701.80 
4,819. 04 
937. 27 

-13 

Pences, snow sheds, and signs 




-16 

Station and ofl5ce buildings 




-17 

Roadway buildings 




11,889.20 
123,486.98 
97,423. 12 

-18 

Water stations 

1 


-19 

Puel stations 

i 

1 

-26 

Telegraph and telephone lines 

r 


1,016.32 

-27 

Signals and interloekers 



47,287.74 
26, 126. 49 

-39 

Public improvements 





1 




Total account No. 206 

! 

1 


1, 790, 764. 52 







COSTS 


341 


Table 44.- — Land costs and direct construction costs — details — Contioued 
LAND AND LAND iUGHTS— Continued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

207 

-"0 

-00 

Relocating other structures and improve- 
inents: 

. Relocating utilities; 

Power lines: 

Land easements 




$160. OO 
753.84 
89, 147. 85 
03, 198. 28 


Land acq.msition 





Line construction 




-01 

Telephone, telegraph, and signal 





control lines. 





Total Account No. 207-0 




163, 249. 97 






-1 

Relocating cemeteries 

2, 449 
526 

Grave.. - 
Family.. 

$19.03 

113.11 

46, 594. 49 
69, .382. 06 
3, 168. 25 
7, 895. 05 
33, 181. 83 
36, 232, 40 

-3 

Relocating families _ 

-4 

Sewer system, Dandridge, Tenn 

-5 

Water system, Dandridge, Tenn 




-7 

Streets, Dandridge, Tenn 1 




-8 

Protection of French Broad Baptist 
Ghurch. 








Total account No. 207 




339, 694. 05 







Total land and land rights 




13, 945, 346. 90 

. 






STRUCTURES AND IMPROVEMENTS 
Dibect Oonstruction Costs 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

212 

-0 

-00 

-01 

-02 

-1 

-10 

-11 

-12 

-2 

-21 

-4 

-40 

-42 

-43 

-6 

-9 

-90 ' 

-92 

-93 

-96 

-96 

-98 

-99 

General yard improvements: 

Grading and landscaping; 

General grading 




$60,698.03 

25,168.38 

20,869.41 

Landscaping- 'I 














106, 735. 82 

Roads, sidewalks, bridges, and trestles: 






78,699,78 
1,411.82 
18, 269. SO’ 





Curbs 




Total, account No. 212-1 . 






98,371. 10 

Retaining v^alls, fences, gates, and 
railings: 




8, 886. 90 

14,429.53 
13, 537. 22 
6,646.49 

Water treating, pumping, and storage 
equipment; 

Wat'Or-t.rfifltiTig plant. . 


! 



Storing ecj,uipment 




Intake structure and supply lines 




Total, account N o . 212-4 






34, 613. 24 

’Wats'** distrihution li'nft.'! ' . 




7, 095. 90 
27, 069. 63 

1,709. 77 

14.88 
39.90 
21. 06 
2, 351. 42 
533.20 

1, 026.81 

" ..... - 




' . . ■ . ■ . 'I' rl hflirlworp. 




, and lighting 

cn.hinet-Q 




Grm'i'ndi'ng sy-'^t-oTn 




noTid*dtr work - 




PiflTldUPtrOr - _ - 




Transformers 




Lighting standards, fixtures, and 
. lamps - 

32 

Fixture 

$32.09 

Total, account No. 212-9 




5,697.04 

Total, account No. 212 




288, 469. 69 






79409X- 


49- 


-23 
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Table iL—Land costs and direct construction costs— de^tails—Couthmeii 
STRUCTURES AND IMPROVEMENTS-Continued 
Direct Construction OosTa—Continued 


Account 


-1 

-U 

-13 


-.2 

-22 

-23 


-3 

-30 

-37 

-38 


-4 

-40 

-400 

-401 

-402 


-41 

-410 

-411 

-412 


-5 

-50 

-6 

-61 

-610 

-611 

-616 

-62 

-620 

-621 

-622 

-63 

-632 

-633 

-634 

-64 

-65 

-650 

-651 

-6510 

-6511 

-652 

-653 

-6B 

-67 

-68 

-680 

-681 


Description 


Quantity 


Powerliouse: 

Diversion and care of water: 


Total account No. 213-1 . 


Excavation and backfill: 

Earth excavation 

Rock excavation 


Total account No. 213-2., 


6, 782 
25, m 


Eoundation drains.. 


Total account No. 213-3. 
Concrete: 

Subscrucfcure concrete: 

Concreting 

Eormwork- 

Reinforcing 


Total powerliouse suhstrue- 
ture concrete. 

Superstructure concrete: 

Concreting 

Eormwork-.-- 

Remforeing 


Total powerhouse superstruc- 
ture concrete. 

Total account No. 213-4 


J oints, stops^ waterproofing, and drains ; 
Expansion joints and water stops, 
all types. 

Superstructure: 

Interior masonry: 

Structural tile partitions 

B rick partitions 

Soundproofing. 

Steel and other metal work: 

Structural steel 

Miscellaneous steel and iron 

Generator covers 

Carpentry work; 

Ealamein or metal doors 

Window sash— steel 

Temporary floor— unit 2 

Cement work 

Marble, terrazzo, tile: 

Marble work... 

Tile work: 

Walltile 

Floor tile 

Terrazzo 

Linoleum 

Roofing and sheet metal work.. 

Plaster work 

Painting and glazing: 

Painting 

Glass and glazing 

Protection and clean up 


9,816 
S, 311 


35, 692 
148,876 
869. 63 


36, 692 


5,863 
81, 1B6 
422. 77 


Unit 


Cubic yard- 

— do 


Linear foot- 
Cubicfoot— 


Cubic yard-. 
Square foot- 
Ton 


Cubic yard-, 


Cubic yard- 
Square foot. 
Ton 


Cubic yard-. 


25,245 

U1.2 

4,462 

4,408 

4,024 

4,680 

16,383 


1,234 


Total account No. 213-6_, 


I 


Rate 


Square foot..| 
do 


-—dp 

do 

do 

....do 

....do 


Square foot. 


$1. 23 
4.79 


0.79 

2.78 


11. 10 
1. 98 
120. 73 


22.29 


16. 23 
2. 14 
124. 60 


54. 90 


25,085 

Square foot.. 

* 0.64 

6,318 

do 

2, 49 

1,687 

do 

.39 

594.86 

Ton 

198.02 

82.62 

do 

704,08 

69,40 

do 

411.25 


1.07 

4,01 

2.76 
0.64 
0,89 
0.38 

1.76 


Amount 


$31,438.14 

204,506.11 


235, 944. 25 


8,314.37 

124,291.76 


132, 606. IS 


7,774.71 

9. 197. 51 

1. 920. 51 


18, 892. 73 


896,085.86 
294, 690. 38 
104, 992. 83 


796,669.07 


96,189.41 

174,022.03 

52,676.27 


321,887.71 


1,117,556.78 


15,463.91 


1,07 


16.148.28 

16. 758. 19 
663.71 

117,796.59 

58,100.32 

28,640.71 

31,834.91 

6.996.89 

14.693.19 

27. 136.28 

666.32 

12,277.44 
2,828.03 
3, 569. 10 
1,759.35 
27. 129.46 
21, 806. 36 

12, 773. 40 

1.322.90 
6,295.44 


406,896.87 
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Table 4sL—Land costs and direct construction costs— details — Conti lined 
STRUCTURES AND IMPEOVEMENTS-Continued 
Dieect Cokstruction Costs— Gontinued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

-8 

-80 

-82 

-83 

-830 

-831 

-89 

-890 

-891 

-892 

-895 

215 

-1 

-11 

-13 • 

-2 

-22 

-23 

-4 

-42 

-420 

-421 

-422 

-fi 

-62 

-620 

-621 

-623 

-625 

216 

-1 

-2 

Powerhouse— C ontinued 
' Service work: 

Plumbing and drainage 




$49,856.13 

5,663.44 

. 32,446.12 
34,508.94 

2,542.36 

19,383.26 

4,966.29 

8.526.52 

Heating, ftlectrift - 


' 


Air conditioning and ventilating: 
Ducts 




Equipment and controls - 




Lighting: 

Honiroi panels and cahinet^ — - 




Conduit work 

26,425 

Pound 

$0.73 

Wiring 


Fixtures’, switches, and recepta- 
cles., 1 ---^ 

706 

Outlet 

12.08 

Total account No. 213-8 




157,893.06 

Total account No 213 




2,085,253.73 

Intake structure 

Diversion and care of watei : 






6,287.63 

40,901.22 

Timber crlh nntffirrlam 




Total account No. 215-1 






47,188.85 

Excavation and backfill: 

Earth excavation 

1,294 

2,090 

Cubic yard.. 
do 

1.23 

4.79 

1,591.07 

10,001.9J 

P ock fivcavatioTi 

Total account No. 215-2 




11,592.98 

Concrete: 

Concrete trash-rack structure: 
Concreting 

949 
17, 471 
39.47 

Cubic yard,. 
Square feet-. 
Ton 

16.56 
2.41 
204. 91 

15,719.33 

42,019.06 

8,087.81 

Farm work.... 

Reinforcing steel 

Total acco^unt No. 215-4 




65,826.20 

Gates and appurtenances: 

Intake gates: 

Acifii fT'fliTiAS! ATirl pnirlps 

83. 66 
f 168, 36 

Ton 

. 708.94 

824.70 

59,239.19 

138,846.84 

34,731.54 
89, 379. 76 

vjraLts UciiiJiva fvxiu. 

Gates anfi seals 

do 

Screens, supports, and trash 
racks 


Gate-handling equipment 

Total account No. 215-6 

— 



322,197.33 

Total account No. 215 




446,805.36 

MISCELLANEOUS BUILDINGS 

Guard shelter 




224.99 

4,921,06 

Service building 

Total account No. 1^16., 




5,146.05 

w+w-i/iffivAo anrl iTYiTGi^rAxTOlUPTlfSi 




2,826,674.83 

Total StruciurBS ana iiiiyiuv«mtuLo*.^ 
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Table 44 . — Land costs and direct construction costs — details — Continned 
BESERVOIBS, BAMS, AND WATERWAYS 


Direct Construction Costs 


Account 

Doseription 

Quantity 

Unit 

Rate 

Amount 

220 

- . 

4,827.40 

Acre 

$103. 20 

$498, 193. 59 


Is 




3,021 32 

-2 

• flotage 




954. 78 

-g 

• Rim treatment: 





'SO 

Drilling 

28, 268 

Linear foot.. 

4.20 

118, 694.02 

-SI 

Pressure grouting- - 

217, 249 

Cubic foot... 

1. 13 

245. 021.25 


Total aecouut No. 220-8 




363, 715. 27 

-9 

...... 





-90 





13, 114.42 

-91 

. ■ . 

11,671.1 

Cubic yard- 

4.18 

48j 786.60 


Total account No. 220-9 




01,901.02 


Total account No. 220 




927, 785.98 







-1 

Diversion and care of water: 





-11 

Earth dike cofferdam 




324, 860. 84 

-13 

Timber crib cofferdam; 





-131 

Stage No. 1 

— 



1,431,537.83 

-132 

Stage No. 2 - 




431, 012, 79 

-133 ' 

Temporary penstock; buiklioads. 




12,467.60 

-15 ! 

Water control during construction. . 





759. 74 

-17 

Control and disposal of Tniscellane- 




1, 199. 92 


ous flotage. 





-19 

Final closure 



* 

15, 329. 54 


Total account No. 221-1 




2,217, 168.06 

-2 

Excavation and backfill; 





-22 

Earth excavation 

137,765 

Cubic yard.. 

1.23 

169, 392. 07 

-23 


277, 676 

do - 

4. 79 

1, 328, 847. 94 

-24 

Backfill- -- 

92, 160 

do 

.78 

71,837.43 


Total account No. 221-2 




1, 570, 077. 44 

-3 

Foundation preparation and treatment: 


* 



-30 


130, 806 

Linear foot.. 

2.29 

299, 879. 40 

-31 

■ 

>14,298 

do 

0. 90 

12, 827. 08 

-36 


3,374 

Cubic yard-. 

67. 48 

193, 946. 28 

-37 

Pressure grouting — .■? 

91,360 

Cubic foot- - 

2.78 

263,785.46 

-3S 

Foundation drains... 

10,507 

Linear foot.. 

2.12 

22, 481. 28 

-4 * 

Total account No. 221-3 




782, 918. 60 

-40 

Jk? oncrete : 

Mass concrete: 





-400 

Concreting 

' 451,829 

Cubic yard.. 

9. 15 

4, 132, 469. 41 

-401 

Formwork 

865, 728 

Square foot,. 

1.19 

1,033,881.64 

-402 

Reinforcing 

1, 613. 75 

Ton 

127. 11 

205, 116. 61 


Total mass concrete. 

451,829 

Cubic yard.. 

31. 89 

5, 371, 467. 50 

-42 

Spillway pier and training wall con- 






crete: 





-420 

Concreting 

8,256 

do 

11. 30 

93, 326. 32 

-421 

Formwork 

55,297 

Squarefoot.. 

1.20 

, 66, 133. 93 

-422 

Reinforcing—, 

171. 22 

Ton 

130. 41 

22, 329. 32 


‘ • ■ andtraiu- 

8, 256 

Cubic yard 

22.02 

181, 789. 67 

-44 

Apron concrete: 


* 



-440 

Concreting . — 

35. 505 

do 

11.38 

404, 074, 39 

-441 

Formwork 

65, 261 

Squarefoot— 

1. 28 

83, 290. 47 

^ -442 

Reinforcing 

294. 73 

Tnn 

125. 12 

36, 875. 69 


Total apron concrete 

35,605 

Cubic yard.. 

34. 77 

524, 240, 46 


Total account No. 221-4 




6, 077, 497. 58 

-6 

Joints, stops, waterproofing, and drains: 





-60 

Expansion joints and water stops— 




51, 108. 72 


all types. 





-58 

Drains, formed or porous tile 




38, 213. 79 


Total account No. 221-5 




89, 322. 51 
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Table 44. — Land costs and direct construction costs — details — Continiiecl 
• RESERVOIRS, DAMS, AND WATERWAYS-Gontmued 
Direct Constsuction Costs— Continued 


Account 

j Description • 

Quantity 

Unit 

Rate 

Amount 

221 

Concrete dam and spillway— Continued 





-60 

-600 

1 guide.s 

700. 25 


$591.21 

$413,999.3(1 

-602 

Operating equipment 




30,370.7:1 

-603 

Outlet screens and screen sup- 

49. 78 

Ton 

228.21 

11,360.30 

-604 

ports. 

Stop log guides and bulkheads. . 

55.70 

do 

436.24 

24,298.38 

-61 

-610 

Orest gates: 

Gate frames and guides 

264. 51 

do 

277.45 

73,388.54 

-611 

Gates and seals 




273,444. 14 

-612 

Operating equipment 




159,675.25 


Total account No. 221-0 




986,436.64 


Auxiliary structures and equipment; 

Elevator: ' 

Equipment.-- 

Concrete superstructure 82 Cubic yard,. 108.10 

0 Roofing and flashing 

Interior finish. 

Carpentry and metalwork 

Spillway bridge; 

Structural steel 196.87 Ton 240.75 

Concrete deck 156,00 Cubic yard.. 22.33 

Sluiceway conduit liners 202.40 Ton 372.73 

Miscellaneous steel and iron 

Handrailing 

Piping_.._ — - 

Pressure or other measuring de- 
vices: 

Isolated gaging stations and 

devices. 

Other pressure and gaging de- - — 

vices. ' 

Total account No. 221-7 — 

Electric work: 

Switchgear 

Switchboards 

Protective equipment 

Conduit work 

■Wiring, power and control: 

Wire and cable - 

Power plugs and receptacles - 

Transformers - 

Lighting: 

Cabinets - 

Conduit 

Wiring- - - — 

Eixtures 269 Outlet 21.83 


464. 57. 
578. 34 
7. 486. 27 
27,111. 35 


Total account No. 221-9, _ 


‘ Total account No. 221 -| |ll,996, 046. 05 


Auxiliary dams: • 

Saddle dams 1, 3, 4, 6, 6, 8, 9, and 10: 

Diversion and care of water ----- - 

Excavation and backfill.- 57,823 Cubic yard.. 

Foundation preparation and treat- 

^DriHiag grout holes 14, 866 Linear foot - . 

Pressure grouting 41,127 Cubic foot, _ 

Permanent drainage: . 

Trenching and backfill 

Tile and concrete drains, man- - 

holes, and catch hasins. ^ 

Stone and gravel backfill i, 523 Ton, 

Pervious drain blanket 19,380 do 

Earth fill: 

Preparation of borrow pits l;:-;;;;:- y ' 

Loading and hauling 631, 840 Cubic yard- 

spreading and compacting 631, 840 do 


1,641.21 

42,566.45 


. 33,856.72 
80,278.93 

79,859.64 

21,416.67 

4,030.82 

31,370.25 

34,953. 59 
168,667.32 
68,194.00 
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Table 44 . — Land costs and direct construction costs — details — Continued 
RESERVOms, DAMS, AND WATERWAYS-Continued 
Direct Construction Costs— Continued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

222 

-18 
-ISO 
-181 ■ 
--J83 
-184 

-2 

-20 

-202 

-203 

-2030 

-2038 

-204 

-205 

-207 

-208 

-2080 

-2081 

-2083 

-2085 

-21 

-210 

-211 

-212 

-213 

-22 

-220 

“ -2200 
-2201 

-221 

-2210 

-2211 

-23 

-230 

-2300 

-2301 

-2302 

-2303 

-2304 

-231 

-232 

-2320 

-2321 

Auxiliary dams— Continued 

Saddle dams 1, 3, 4, 6, fi, 8, 9, and 10— 
Continued 

Slope protection: 

28, 611 
63, 398 

Ton 

$1.64 

3.07 

$46,980.26 

163,728.01 

8,944.23 

19,980.28 


Cubic yard.. 



474 

Cubic yard.. 

42.16 




806,348.27 

Dandridge dike, diversion conduits, and 
pumping station: 

Main dike: 


Cubic yard . 

Lineal foot.. 
Cubicfoot... 
Cubic yard- 


41, 976 

IS, 697 
: 151, 880 

2, 499 

3.09 

5.21 
.96 
10. 93 

129, 710. 17 

81,789.69 

146.052.66 

27.316.26 
20, 198, 76 

102.307.66 

21. 667. 26 
i 65,248.00 

7,982.54 
2, 365. 16 

Foundation preparation and 
treatment; 

Drilling — 




Rolled fill— I— 

161,160 

2, 950 
i 13, 889 

Cubic yard— 

Ton 

.63 

7,34 

4. 70 

Slope protection: 

Riprap. 

Cubic yard— 












610,637.03 

Parking area; , | 






4,176.04 
2, 108. 58 
937.85 
2, 933. 66 












! 

Total parking area 






10, 166.03 

Diversion conduits: 

North Creek diversion conduit: 
Diversion dike . . 




22, 174. 14 
102, 864, 41 

Concrete pipe conduit 

. . .. 1 



Total North Creek diver- 
sion conduit. 

AVest Creek diversion conduit: 
Diversion dike 






186, 028. 65 






13, 404. 94 
63, 923.31 

Concrete pipe conduit 




Total West Creek diver- 
sion conduit. 

Total diversion conduits . - 






77, 328. 25 






262, 366. 80 

Pumping station, and collection 
and discharge lines: 

Pumping station; 

Excavation and backfill 






9, 632. 18 
22, 390. 87 
20, 636. 69 
1,701. 93 
330.50 

Structure L 




Equipment and piping 




Preliminary operation 




Fence 




Total pumping station . . . 






54, 491. 07 

Sewerage discharge lines 






1,297.45 

6, 426. 74 
21, 273. 43 

Storm water lines; 

Collection lines 




Discharge line 




Total storm water lines 






27, 700. 17 

Total pumping station, 
and collection and dis- 
charge lines. 

Total account No. 222-2.. 






83, 488. 69 






966, 638. 55 

Total account No, 222.. 







1, 772, 986. 82 
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Table 44 , — Land costs and direct construction costs—deiails — Continned 
RESERVOIRS, DAMS, AISTD WATERWAY'S-Oontinued 


Direct Construction OosTS—Continued 


Account 

Description 

Quantity 

' Dnit 

1 Bate 

Amount 

226 

-3 

Water conductors: 

Penstock: 





-30 

Penstock pipe 

331.40 

Ton.. 

$365. 55 

$121,141,48 

.-33 

Penstock vent and- bypass piping... 



11,311.68 


Total account No. 226-3 




132,453.16 

-8 

Taiirace: 





-81 

-82 

Diversion and care of water 

Excavation: 




424,699.62 

-822 

Earth J 

8,751 

Cubic yai'd- 

L23 

10,759.09 

-823 

, Rock-„ 

17,929 

do 

4.79 

85,801.13 

-83 

Foundation preparation and treat- 
ment. 



1,846. 15 

-84 ■ 

Concrete work-.. - 

4,132 

Cubic yard.. 

16.63 

68,287. 50 

-85 

Water seals and drains 


623.84 


Total account No. 226-8 




691,918. 23 


Total account No. 226 




724,371.39 


Total reservoirs, dams, and 
waterways. 



j 

15,421, 190.24 
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Taule 44. — Land costs and direct construction costs — details — Continued 
WATER WHEELS, TURBINES, AND GENERATORS-Continued 


Direct Construction Costs— Continued 


Aocoimt 

Description 

Quantity 

Unit 

Rate 

Amount 

236 

-0 

-1 

-9 

Auxiliary equipment for generator: 

Excitation panels, switches, and rhco- 

Generator cooling water system 

Eire extinguishing equipment 

2 

Each 

' .$3, 850. 98 

1 

$7,701.95 

8,057,42 

7,289.75 


Total, account No. 236 




23,049.12 

239 

4) 

Miscellaneous equipment for turbine and 
generator: 

Lubrication and governor oil storage 
and purifying equipment. 


i 

■ 

1 

IS, 548.45 


Total, account No. 239 




18,548.45 


Total, water wheels, turbines, and 
generators. 




1,803,537.79 


ACCESSORY ELECTRIC EQUIPMENT 
Dieecx Construction Costs 


241 

-I 

-11 

Switch gear: 

Assembled switch geai’.* 




$23,069 93 

-14 

(IsTs-kilovoit). 

Generator neutral switch gear 





7,000.59 

-2 

Total account No. 241-L 

Circuit hrakers (l5-i:iloyolt) 

2 

Each 

$10, 340. 26 

30, 07Q. 62 
20, 680.53 


Total account No. 241 




50,751.05 

242 

-1 

-3 

-4 

—5 

-6 

Switchboards: 

Main control boards and terminal cabi- 
1 nets. 

440'YOlt auxiliary power boards 

220'volt auxiliai’y power hoards for heat- 
ing and lighting. 

Battery boards 

Si gual system boards 




02,706.33 

40,370.06 

6,832.63 

7, 508. 19 
10, 966, 03 

-7 

Pow'er distribution cabinets. 




1,994.31 


Total account No. 242,. 





129,367.60 

243 

Eroteclive -equipment ' 

Grounding system 

Fire extinguishing equipment | 





7,512.57 

5,105,72 


Total account No. 243 




12, 618. 29 

244 

-4 

Electrical structures: 

Cable trays * ' 




8,467.27 


Total account No. 244 ' 




8,467.27 

245 

-1 

-2 

-3 

-4 

Conduit worlr: 

Metallic conduit. 

Noumetallie conduit — ■ 

Conduit boxes 

Concrete envelopes 

115,184 
15, 289 

73.0 

Pounrl I 

do 1 

Cubic yard. 

$0.40 

0.31 

29.38 

46,734.82 
4, 798. 11 
2, 480. 09 
2,144.91 


Total account No. 246 




56, 167. 93 

246 

-1 

-2 

-7 

Power and control wiring; 

Control, auxiliary power, and exci- 
tation wiring, 4000 volts and 
under. 

Main power cables, 16,000 volts 

Plugs and receptacles— 




19, 450. 77 

8, 551. 63 
1, 406. 29 


q’otal account No. 246 



1 29,408.69 
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Table 44. — Land costs and direct construction costs — details — Continued 
ACCESSORY ELECTRIC EQEIPMENT-Continued 
Dieect Oonsteuction Costs— Continued 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

249 

-1 

-11 

-12 

# 

-2 

-6 

-60 

-61 

-62 

-63 

-9 

-92 

Station service ecLuipment: 

Transformers 

Auxiliary power transformers (2 at 
1,000-kilovolfc-ampere; 1 at 6Q0- 
kilovolt-ampere; 3 at 3-kilovolt- 
ampere. 

Lighting and heating transform- 
ers (2 at 100-kilovolt-ampere; 2 at 
2-kilovolt-ampere; 14 at 360-volt- 
ampere). 

Total account No. 249-1 




$14, 585. 33 

2,187.36 






16, 772. 69 

Batteries, charging equipment, and 
other motor generator sets. 

Insulating oil storage and treating 
equipment: 

Piping 






12, 128. 51 

3,592.39 
3, 737. 26 
6,761.64 
1,129.32 




Tanks 




Oil-treating equipment 




Oil in storage. 




Total account No, 249-6 






15,220.61 

Equipment not otherwise classified: 
Auxiliary generator (200'kilo-volt' 
ampere, 480-volt). 

Total account No. f49 . 






15,504.18 






59,626.99 

Total accessory electric equipment... 






345,369. 72 


MISCELLANEOUS POWER PLANT EQUIPMENT 
Direct Construction Costs 


252 


-I 

-10 

-11 


256 


-1 


258 


259 

-0 

-1 

-2 

-3 

-5 






$8,955.25 

'Atal account No. 252 







8,955.26 

Cranes and hoisting equipment: 

225-ton powerhouse fcrane: 

415.94 

21.03 

Ton... 

$658.40 

209.36 

273, 853.20 
4,402.93 

Crane track 

do 





278,256.13 

2,212.83 





Total account No. 266 


* 




280,468.96 

Compressed air and - vacuum cleaning 
equipment: 




9,106.33 

Total account No. 256 






9,106.33 

.C!<o+inn wo+zir /imiin'mfi'nt 




5, 270. 71 

OLtiLlUXi od V ivw Vr Iv vwX 

Total account No. 25S 






5,270.71 

Other miscellaneous equipment: 

Or}TTjTp7Tnif*<^'f'ioyi 




17,735.89 
1, 187. 59 
3,018.67 
6,004.87 
1,103.74 

i\v4*ivi m'ticVii'n fr onninTnATIf 




J? irc-6AlJLU6UiQXlUi5 t/ Vi LUpiUwiXU 

Piirniture and 




T./\nlrAt*o dTi/iItt/ic Q'n^ r>nT^inAf*a 




olLLU. 

Miscellaneous instruments 




Total account No. 259 




28,050.76 

Total miscellaneous power plant 
equipment. 




331,852.01 
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Table 44. — Land costs and direct construction costs — details — Continued 
HYDRAULIC MULTIPLE PURPOSE PLANT—Concluded 

VILLAGE AND RESERVOIR FACILITIES 


Direct Construction Costs 


Account 

Description 

Quantity 

Unit 

Rate ' 

Amount 

271 

-1 

-11 

-12 

—3 

-9 

1 

Reservoir operation facilities: 

1 Malaria-control bases: 

Rase No. t at Oak Grove, Tenn 



j 

i $2,966.31 
3, 084, 66 

Rase No 2 at Shady Grove, Term . 




Total aecount No. 271-1 




6, 050. 97 
724. S6 
13,217.94 

. .. i| 

Isolated structures — , 




Portable malaria-control eQuipment 




Total flnmont No. 9-71 


* 


19, 993.77 

Total village and reservoir facilities.-. 




19,993.77 



1 



TRANSMISSION PLANT 

STRUCTURES AND IMPROVEMENTS 
Direct Construction Costs 


Account 

Description 

Quantity 

Unit 

Rate 

Amount 

422 

-0 

-00 

-002 

-003 

-01 

-2 

-21 

-8 

424 

-1 

-10 

-11 

-3 

-9 

-90 

-91 

-92 

-93 

General yard improvements: t 

Grading and landscaping: 

Grading: i 

Excavation 

11,322 

1 Cubic yard. 
■ 

$1.03 

$11,680.46 

128,267.82 

15,847.56 

Fill and backfill j 

Landsnaping and surfacing 




Total account No. 422-0 






155,796.84 

3,101.40 

10,329.63 

Retaining walls, fences, gates, and rail- ! 
ings: 

Fences, gates, and railings _ _ _ 




Dralnagfi "" 




Total account No. 422 






169,226.77 

Outdoor substation structures: 

Foundations (for structures and equip- 
ment): 

Piling 


Ton 


67.80 

588 

170.92 

67.99 

11,688.33 

34,096.32 

Concrete 

Cubic yard. 

Total account No. 424-1 



• 45,684.66 

Superstructure (structural steel) 


Ton 

, 

88.23 

246.64 

21,761.39 

963.83 

1,764.05 

829.77 

1,202.11 

Lighting: 

Cabinets,..., 

i 

Conduit 

5,726 

Pound 

.31 

Wiring 


Fixtures, switches, and receptacles.. 




Total account No. 424-9 






4,749.76 

Total account No. 424 






72,195.80 

Total structures and improve- 
ments. 







241,422.67 
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Table 44 . — Land costs and direct construction costs — details — Continnecl 
TRANSMISSION PLANT— Continued 

STATION EQUIPMENT 
Direct Construction Costs 


Account 

Despription , ( 

Quantity 

Unit 

Rate 

Amount 

431 

-1 

-14 

Switchgear: 

Circuit breakers: 

161-kilovolt breakers 

3 

Each ^ 

129,906.33 

$89,719.00 




-2 

-21 

-24 

Disconnecting switches; 

16-kllovolt fuse disconnecting . 

switches (manual). 

161-kilovolt disconnecting switches. 




273.75 

21,508.04 









Total account No. 431-2 




2L78L79 
> 413.74 

-3 

Instrument transformers 





Total account No. 431 




111, 914. 63 






432 

-7 

Switchboards: 




519.29 







Total account No. 432. 




519.29 






433 

“1 

Protective equipment: 

Lighting arresters and. gaps 




4, 305. 76 

2 

Grounding system 




7, 988. 52 

-4 





3, 850. 60 











36. 144. 88 






435 

1 

Conduit work: 

Metallic conduit — - 

22, 252 

Pound 

.29 

6. 552 2C 

-2 


27, 700 

do 

.25 

6, 982. 59 

3 




467. 04 

-4 

1 Concrete envelopes ■. 

485 

i Cubic yard. 

29.23 

14, 176. 92 

. -6 




5, 591. 29 










33, 770. 10 






436 

-1 

Power and control wiring: 

Control, auxiliary power, and excita- 
tion wiring— 4,000-volt and under. 
IVTain pf>wf*-r ifijOOO-voit 




6, 593. 54 

-2 




16, 619. 54 
954.48 

~3 





-4 

"RarP! nrmdiictors 




8,790. 70 

-6 

and hardwarft 




7,620.45 

_7 

Plugs and receptacles (except lighting). 




76.01 






Total account No. 436 




40,654.72 

438 

-1 

Main conversion equipment: 

Main step-up power transformers (1- 
phase, with forced draft equipment, 
2- winding, 161-13 .2-kiIovolt, 20,000- 
kilovolt - ampere self- cooled, 26, 667- 
kilovolt-ampere forced air cooled). 

3 

Each - 

44,288.29 

132,864.88 




Total account No. 438.. 




133,864.88 

439 

-1 

-11 

Station service equipment: 

Station service transformers: 

Lighting transformers 




343. 16 

-41 

Transformer and breaker handling 
equipment: 

Tracks - - 




6,026,86 

-42 

Transformer ear 




3, 559. 25 

Total account No. 439-4 




8,686.11 

-6 

-61 

Insulating oil system: 

Piping ■ - 




4,388.44 

-9 

Equipmentinot otherwise classified: 

Fire protective equipment 




2,262.57 

Total aecoimt No. 439 




15,580.28 


cfafinn ormlniTI ATlf. 




. 361,448.68 

■ 

Xr UvUi CJutlwJiUJ-L 
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Table 44. — Land costs and direct construction costs — details — Continued 
GENERAl. PLANT 


COMMUNICATION FACILITIES 
Diksct Construction Costs 


Accoimt 

Description 

Quantity 

Unit 

Rate 

Amount 

378 

-1 

^2 

-9 

-94 

Communication equipment: 




5, 698. 89 

11, 673. 65 

18, 243. 04 

35, 516. 68 

35,615.58 

Exchange and station equipment: 



i 

General service equipment: 

Coupling capacitors, line traps, and 
tuning units. 

Total account No. 378 






i 

Total general plant communication 
j facilities. 








Table 45. — Indirect construction costs 

Superintendence, accounting, and timekeeping: salaries and ex- 
penses of tHe superintendent of construction and Lis immediate 
assistants in tLe field and ofiSee ; salaries and expenses in con- 
nection with field accounting, timekeeping and cost engineering ; 
similar charges from other divisions; and cost of training 


personnel $489, 839. 47 

Travel and subsistence : personal transportation, per diem allow- 
ance, and miscellaneous expense of supervisory personnel when 

in oflScial travel status 23,683.44 

Office supplies and expense: miscellaneous expense of the field 
offices including stationei’y and other office supplies ; blueprints ; 
photostats; telephone; telegraph; and maintenance of office 

space, including heat, light and water 142, 535 .59 

Construction plant studies and design : preliminary investiga- 
tions, studies, and estimates of construction schedules and con- 
struction plant layout, including cofferdams, and construction 

plant and equipment 52, 646, 64 

Camp operation : camp construction costs Inclusive of camp equip® 
ment, and exx>ense of operation of cafeteria, commissaries and 

dormitories i 400, 413. 06 

Temporary access railroad : cost of construction, maintenance, and 
removal of an access railroad from Ewing, Tenn., to the dam 

site, including the loss on the sale of railroad right-of-way 560, 817. 31 

Temporary access road : construction and maintenance costs for 

north and south access roads to the dam site 112, 786, 50 

Safety activities: labor and expense for assistance given the i 

safety engineer and cost of safety signs, posters, and. bulletins— 3, 642. 09 
Police and guide service : police and guide service maintained for 
benefit of the project, together with minor expense for accomo- 
dation of guests on official visits ; injuries to nonemployees ; and 
private land use restrictions in the immediate vicinity of the 
dam 133 , 332. 30 


Cost of obtaining equipment from other TVA construction proj- 
ects: the similarity of equipment design for the projects of 
Cherokee and Douglas permitted equipment originally ordered 
and delivered for Cherokee but not yet placed in service at that 
project, to be transferred to Douglas, when such action would re- 
sult in an earlier operation date than would have been otherwise 
possible for Douglas project. A small amount of equipment 
was transferred also from other projects under construction. 

Costs shown here include initial installation and handling 
costs at the original projects and secondary transportation to 
Douglas 63,019.16 
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Table 45. — Indirect construction costs — ■Continued 

Liquidated damages and other credits: liquidated damages col- 
lected from contractors or vendors, and credits for percentages 
added to hills against vendors, contractors, and others for 


overhead charges on services rendered by the TVA * $39, 0S9. 68 

Total indirect construction costs 1, 946, 625, 97 


Table 46, — Distributive general expense 
Design and construction engineering costs 


Engineering — Field and oflace : salaries and expenses of field, ex- 
ecutive supervisory, and ojBQce engineers ; concrete technicians, 
inspectors and assistants ;■ services of consultants; foundation 
borings and explorations ; soil technology ; and engineering for 

vertical and horizontal controls $723, 204. 93 

Dam site and regional geology : general examinations, studies, and 
reports on proposed dam sites and adjacent areas ; and studies of 
the effect of dam construction on sinks, wells, and springs in the 

reservoir area 11, 542. 66 

Design hy TVA: design of dam, powerhouse, switchyard, and 
other related structures; landscape treatment in immediate 
vicinity of dam ; preparation of specifications ; design for high- 
way, bridge, and railroad relocations; and design for miscel- 
laneous backwater protection 577, 988. 99 

Total, design and construction engineering costs 1, 312, 736. 58 

Executive and administrative costs 

Divisional and general administrative costs : proration of the 
total divisional and general administration of the Tennessee 

Valley Authority applicable to the Douglas project 1, 31Q, 324. 89 

Total, executive and administrative costs 1 , 310, 324. 89 

Other general costs 

Maps and surveys: surveys and investigations for basic horizontal 
and vertical controls in the reservoir area ; dam site and reser- 
voir topography ; and other general surveys and mapping 51, 271. 14 


Hydraulic data : readjustment to the existing stream gaging facili- 
ties necessitated hy filling of the reservoir ; observation of test 
holes, ground water wells, springs, and rims in vicinity of dam 
for determining possible leakage ; and preparation of reports on 
reservoir and tributary data for determining conditions before 


and after filling the reservoir 17,935.98 

General project investigations : general studies and investigations 
for location of dam, project design, and regional economics ; flood 

control studies ; and power generation studies 24, 975. 38 

Construction medical service: operation of medical center and 
portable dressing stations for care of employees claiming service- 
connected injuries; employment physical examinations and 
treatment of minor illness occurring to employees while on duty ; 
and services of safety engineer 178, 105. 41 


Personnel and training department: services of the personnel 
representatives, Interviewers, and clerical staff engaged as field 
representatives in recruitment, placement, promotion, classifica- 
tion, and service rating ; services of a training staff through over- 
time payments to TVA< employees teaching job 'and in-service 
training classes ; operation of theater ; and recreational pro- 


grams 55, 607. 19 

Office service : messenger, files, mail, and courier service 18, 924. 16 


Final project report: editing of individual reports on the plan- 
ning, design, construction, cost, and initial operation of the proj- 
ect into one comprehensive report, including preparation of any 
needed additional drawings or illustrations, and printing and 


binding 7, 567. 66 

Total other general costs 354, 286. 92 


Denotes credit. 
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Table 47 . — Details of certain indirect construction costs and distributive general 

expense 


Item 


Project field offices 


Construction 
and main- 
tenance 


Reservoir 

clearance 


Dam con- 
struction 


Central . 
accounting 
office 


Total 


INDIEECT CONSXRtrCTlON COSTS 


Superintendence 

Accounting, cost engineering, 

and timekeeping 

Training personnel 

Miscellaneous charges from other 

divisions 

Travel and subsistence 

Office supplies and expense 

Construction plant studies and 

design 

Camp eonstruction 

Camp operation 

Temporary access railroad 

Temporary access road 

Safety activities 

Public liabilities 

Public facilities and accommo- 
dation of guests 

Police and guide service 

Private land use restrictions in 

vicinity of dam 

Cost of obtaining equipment 
from other TVA construction 

projects - 

Liquidated damages and distri- 
bution of other credits 


$ 9 , 609. 95 

$ 16 , 492.07 

103 , 801.07 

17 , 041.74 

5 , 174.10 

1 , 087. 79 
21 , 763.92 


7 , 813.37 

3 , 351. 79 


$ 66 , 828. 95 

268 , 657 , 21 - 
600. 69 

1 , 733. 69 
17 , 782.28 
117 , 419.88 


273 , 908. 73 
1122 , 241. 66 
611 , 891.97 
112 , 786. 59 
705. 61 
1 , 065. 56 

3 , 627. 84 
1 128 , 348.90 


$ 52 , 646. 64 
4 , 262.67 


48 , 925.34 


400,00 


a 27 , 907. 16 


2 53.91 


63 , 019. 16 
2 11 , 128. 61 


$ 489 , 839. 47 


20 , 683.44 

142 . 536. 69 

52 , 646 . 64 
400 , 413.06 

560 , 817.31 

112 . 786. 69 
3 , 642.09 


133 , 332.30 


63 , 019.16 
39 , 089. 86 


Total 

DISTKIBUTIVE GENERAL EXPENSE 

Design and construction engi- 
neering cost: 

Engineering, field and office. 

Consulting service 

Dam site and regional geo- 
logy- - 

Design by TVA 


113 , 429. 67 


47 , 581.64 


1 , 679 , 380. 11 


106 , 234. 65 


1 , 946 , 625.97 


Total.. 


11 , 498. 26 


601 , 677. 73 
3 , 184. 99 


106 , 843 . 95 


11 , 542.66 
577, 988. 99 


723 , 204.9 


11 , 642 . ( 
677 , 988 . ( 


11 , 498.26 


604 , 862.72 696 , 375.60 


1 , 312 , 730. 68 


1 Reservoir property management. 

2 Denotes credit. 
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Appendix A 

STATISTICAL SUMMARY 


Authorized by Congress jan. 30, 1942 

Authorized by Tennessee Valley Authority Board of Directors Peb. 2, 1942 

Construction started Peb. 2, 1942 

Dam closure (beginning of reservoir filling) Peb, 19 , 1943 

First power unit (stall No. 3) online Mar. 21,1943 

Second power unit (stall No. 1) on line Jan. 12, 1944 


Location 

On French Brohd River at mile 32.3, in Sevier County, Tenn, ; approximately 
4.5 air miles from the nearest point of the Tennessee & North Carolina Rail- 
road between Knoxville and Sevierville; 6.5 air miles north of Sevierville; 
26 air miles east of Knoxville, 

PRINCIPAL DESIGN FEATURES 

STREAM FLOW 


Drainage area at dam 4^541 sctnare miles 


Gaging station records : / ’ * 

Dandridge, Tenn., October 191^>to date 4,446 square miles 

At Knoxville, Tenn,, January 1809 to date—- 8,934 square miles 

Maximum flow of record : i * . . 

At Dandridge, May 1901, estiinated 140,000 cubic feet per second 

Average flow at dam site (1918-4a),J_^ 6,700 cubic feet per second 

Minimum daily flow of record (September 1925) 370 cubic :teet per second 

Maximum estimated flow (design flood). : 337,000 cubic' feet per second 


RESERVOIR 


Counties affected : 

State of Tennessee Sevier, Jefferson, Cocke, Hamblen 

Operating levels at dam ; 

Maximum assumed for design Elevation 1002 

Top of gates (area 31,600 acres) Elevation 1002 

Normal maximum pool level (area 30,600 acres) Elevation 1000 

Spillway crest (area 19,700 acres) Elevation 970 

Minimum (area 5,360 acres) Elevation 920 

Length (backwater) at elevation 1000 43.1 miles 

Length of shore line at elevation 1000 : 

Main shore 492 miles 

Islands 73 miles 

Total 565 miles 

Original river area at elevation 1002 3,170 acres 

Storage (flat pool assumption) : 

Total volume at elevation 1002 (top of gates) 1,514,100 acre-feet 

Volume at elevation 1000 1,452,000 acre-feet 

Volume for low-water releases (elevation 1002-920)- 1,452,000 acre-feet 

Volume at maximum draw-down (elevation 920) 94,000 acre-feet 

Controlled flood storage on Mar. 15 (elevation 

1,002-958), 1,019,800 acre-feet 

367 


794091 - 49 - -24 
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Tailwatek 


Maximum design level (337,000 cubic feet per second) Elevation 019 

Maximum level of record (150,000 cubic feet per second) Elevation 901 

Average level (6,820 cubic feet per second) Elevation 873 

Minamum Elevation 870 

Head (Gross) 

Average ( elevation 1000-872 ) 128 feet 

Minimum (elevation 935-872) 63 feet 

Maximum (elevation 1002-870) 132 feet 

Preparation for Flooding 

Property aCQUired 33,160 acres 

Clearing (between elevation 1002 and 920) 5,182 acres 

Drainage of isolated pools 15,549 cubic yards 

Highways : 

Access and construction roads 22.3 miles 

State highways 5.3 miles 

County highways and tertiary roads 52,1 miles 

Total all roads 79.7 miles 

Railroad adjustments 9.0 miles 

Access railroad (temporary) — 7.2 miles 

Bridge adjustments (culverts not included) 5 

Families relocated 525 

Graves 2,449 removals 

Utilities adjusted or constructed : 204.3 miles 


STRUCTURES 


Lengths (along axis of dam) : 

Spillway at crest (440-foot clear length) 505.0 feet 

Nonoverflow concrete sections : ^ 

Right nonoverflow section 526.5 feet 

Left nonoverflow section 360.5 feet 

Intake 313.0 feet 

Total length concrete structures : 1,705.0 feet 

Earth embankments : 

Saddle dam No. 1 1,918 feet 

Saddle dam No. 3 650 feet 

Saddle dam No. 4 65 feet 

Saddle dam No. 5 228 feet 

Saddle dam No. 6 l 130 feet 

Saddle dam No. S 125 feet 

Saddle dam No. 9 1 295 feet 

Saddle dam No. 10 322 feet 


Spillway 

Type Concrete gravity overfall section 

Orest Elevation 970 

Openings ■ 11 openings, each 40 feet wide 

Piers 10 piers, each 6 feet 6 inches thick 

Energy dissipation--.. — Reinforced concrete stilling pool, 183 by 605 feet 


Discharge capacity (including sluices but not turbines) 354,000 cubic feet 

per second. 


Power Plant 


Intake : 


Four semicircular reinforced concrete towers on upstream face of dam. 


Powerhouse : 

Type Semioutdoor type, structural steel and reinforced concrete 

construction. 


Units : 

Initial Two 30,000-kilowatt generators 

Ultimate Two 8O,OOO"k0owatt and two 26,000-kilowatt generators 

Switchyard : 

Location North of and adjacent to powerhonse 


Size (fence enclosure) 154-kllovolt yard, 199 V 2 by 246 feet; llO-kilo- 

volt yard, 100 by 115 feet. 
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CONSTEUOTION QUANTITIES (PERMANENT FEATURES OnLY) 

Dam 

Excavation : 

Earth 172,300 cubic yards 

Rock 332,800 cubic yards 

Total 505,100 cubic yards 

Fill: 

Earth 56,300 cubic yards 

Rock A 60,000 cubic yards 

Total 116,300 cubic yards 

Reinforcing steel 3,500 tons 

Structural steel 2,900 tons 

Concrete 548,200 cubic yards 

Formwork 1,253,000 square feet 

Riprap 11,600 cubic yards 

Saddle clams and dike 

Excavation : 

Earth 113,500 cubic yards 

Rock * 4,100 cubic yards 

Fill: 

Earth 693,000 cubic yards 

Rock 15,200 cubic yards 

Concrete 3,810 cubic yards 

Riprap 89,000 cubic yards 

DETAILS OF STRUCTURES 

EMBANKMENTS 

Saddle Dam No. 1 

Height (maximum) 95 feet 

Width : 

Top 20 feet 

Base 670 feet 

Length along crest 1,918 feet • 

Construction Impervious rolled earth fill with ‘internal drainage system; 

upstream side protected by 3 feet of riprap on a 1-foot layer of gravel ; down- 
stream side seeded. 

Slopes : 

Upstream To elevation 1,000, 1 on 4.5 ; above elevation 1000, 1 on 2.5 

Downstream To elevation 982, 1 on 3 ; above elevation 982, 1 on 2.5 

Earth excavation 29,707 cubic yards 

Earth fill, rolled 473,924 cubic yards 

Rock fill, including drainage 13,933 cubic yards 

Riprap 62,155 cubic yards 

* Sadoiei Dam No. 2 

Not constructed See p. 45 

Saddle Dam No. 3 

Height (maximum) 32 feet 

Width: 

Top 20 feet 

Base 1 275 feet 

Length along qrest fiOO feet 

Construction ! Similar to saddle dam No. 1 

Slopes : 

Upstream To elevation 1(X)0, 1 on 4.5 ; above elevation 1000, 1 on 2.5 

Downstream To elevation 982, 1 on 3 ; above elevation 982, 1 on 2.5 

Earth excavation 10,069 cubic yards 

Barth fill 33,107 cubic yards 

Rock fill, including drainage .i 1,311 cubic yards 

■Riprap 5,617 cubic yards 
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Saddle Dam No. 4 

HeigLt (inaximtiin) 25 feet 

Width : 

Top 20 feet 

Base 172 feet 

Length along crest 05 feet 

Construction Similar to saddle dam No. 1, except that internal drainage 

system is omitted. 

Slopes : 

Upstream-.. To elevation 1000, 1 on 4.5 ; above elevation 1000, 1 on 2.5 

Downstream To elevation 9S2, 1 on 3 ; above elevation 982, 1 on 2.5 

Earth excavation 1,007 cubic yards 

Earth fill 439 cubic yards 

Biprap — , 180 cubic yards 


Saddle Dam No. 5 

Height (maximum) 25 feet 

Width: 

Top 20 feet 

Base 172 feet 

Length along cres]; 22S feet 

Construction Similar to saddle dam No. 4 

Slopes : 

Upstream To elevation 1000, 1 on 4.5 ; above elevation 1000, 1 on 2.5 

Downstream To elevation 982, 1 on B ; above elevation 982, 1 on 2.5 

Earth excavation 3,532 cubic yards 

Earth fill 1 — 9,338 cubic yards 

Riprap - 2,197 cubic yards 


Saddle Dam No. 6 

Height (maximum) 18 feet 

Width : 

Top 20 feet 

Base 110 feet 

Length along crest 130 feet 

Construction Similar to saddle dam No. 4 

Slopes ; 

Upstream To elevation 1000, 1 on 4.5 ; above elevation 1000, 1 on 2.5 

Downstream To elevation 982, 1 on 3 ; above elevation 9S2, 1 on 2.5 

Earth excavation^ 2,014 cubic yards 

Earth fill 2,207 cubic yards 

Riprap 467 cubic yards 


Saddle Dam No. 7 

Not constructed See p. 45 

Saddle Dam No. 8 

Height (maximum) 18 feet 

Width : 

Top 20 feet 

Base no feet 

Length along crest 125 feet 

Construction Similar to saddle dam No. 4 

Slopes : 

Upstream To elevation 1000, 1 on 4.5 ; above elevation 1000, 1 on 2.5 

Downstream To elevation 982, 1 on 3; above elevation 982, 1 on 2.5 

Earth excavation 1,936 cubic yards 

Earth fill 5^9 cubic yards 

Riprap 159 cubic yards 


k . Saddle Bam No. 9 

t, Height (maximum) 

Width: 

Top 

Base 

,^.engtli along crest I 

^Ijdonstruction 


18 feet 

20 feet 

no feet 

295 feet 

Similar to saddle dam No. 4 
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Slopes : 

Upsti’eam To eleration 1000, 1 on 4.5 ; above elevation' 1000, 1 on 2.5 

DoAvristreani To elevation 982, 1 on 3 ; above elevation 982, 1 on 2.5 

Earth excavation 4,570 cubic yards 

Earth fill 5,232 cubic yards 

Riprap 1,572 cubic yards 


Saddle Dam No. 10 

Height (maximum) 18 feet 

Width : 

Top 2(1 feet 

^ Base ^ 110 feet 

Length along crest 322 feet 

Construction ^Similar to saddle dam No. 4 

Slopes: 

Upstream-.: To elevation 1000; 1 on 4.5; above elevation 1000, 1 on 2.5 

Downstream To elevation 982, 1 on 3; above elevation 982, 1 on 2.5 

Earth excavation 4,988 cubic yards 

Earth fill 6,984 cubic yards 

Riprap : 2,224 cubic yards 


NONOVERFLOW CONCRETE DAM 


Type and foundation — Gravity section on Knox dolomite foundation 

Length : 

Right (north) nonoverflow section 526. 5 feet 

Left (south) nonoverflow section 360. 5 feet 

Intake section 313. 0 feet 

Total 1, 200 feet 

Height, lowest f oiindation to deck 165 feet 

Slope of concrete : 

Upstream » Vertical 

Downstream 10 on 7 to elevation 988.52, vertical above 

Uplift Assumed to act on two-thirds of the base area, varying uniformly 

from headwater pressure at the heel to 50 percent of headwater pressure at the 
drains,- and decreasing uniformly from the drains to tailwater pressure at 
the toe of the dam. 

Deck elevation Elevation 1009 


SPILLWAY 


Type Concrete gravity overfall section 

LengthI I_^ll openings, each 40 feet long ; 10 reinforced concrete piers, each 

6 feet 6 inches thick ; total length, 505 feet. 

Height, lowest foundation to operating deck 202 feet 

Crest elevation ^ Elevation 970 

Discharge capacity cubic feet per second, reservoir at elevation 1002 : 

Orest 325, 000 

Sluices '^OO 

Base thickness : ^ 

Overflow weir 127.2 feet 

Pier 07 feet 

. Including apron 310. 2 feet 

^ Top elevation, stepped apron Elevation 855 to 866 

Top elevation, level apron Maximum elevation, 855.0; minimum eleva- 


tion, 830.0. 

Thickness ( minimum ) 

Length from base line 

Baffle wall, stepped apron — 

Baffle wall, level apron 

Gates : 

Type — .. 

Number 

Clear opening between piers. 
Height 


: 5 feet 

312.4 feet 

Top at elevation 870 
Top at elevation 855 

Radial steel 

11 

40 feet 

32 feet 
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Training Walls 

Riglit (nortli) wall ’ Reinforced concrete cantilever 

Length from base line S12.4 feet 

Top elevation 900 

Left (south) wall Concrete lining placed against rock • 

Length from base line 312.4 feet 

Top elevation 883 

Tbaveung Gate Hoist » 

Number 2 

Manufacturer Philips & Davies, Inc. 

Location Mounted on spillway d^ck 

Gate lifting load 112,000 loounds 

Capacity and speeds ; 


Lifting speed S.43 feet per minute 

Maximum lift 31 feet 8 inches 

Travel speed 02.6 feet per minute 

Maximum travel 465 feet 

Motors (440 volts, S-phase, 60 cycles) : 


tions per minute. 


minute. 

Brakes : 

Hoist 2-tlirustor type, toraue rating 600 pound-feet each 

Travel 1 disc-type, torque rating 50 pound-feet 

Reel 1 disc-type, torque rating 50 iDOund-feet 

Slihces 

Number 8 

Location In spillway blocks IS to 21 and 24 to 27, inclusive 

Typo Steel lining upstream 40 feet; unlined below 

Dimensions Opening 5 feet 8 inches wide by 10 feet high 

Capacity of 1 sluice (headwater at elevation 1002) 3,675 cubic feet per 

second. 

Gates : 

Manufacturer Hardie-Tynes Manufacturing Co. 

Number and type 16— two slide gates installed in tandem in each of 8 

sluiceways ; upstream gate for emergency use ; downstream gate for service 
use. 

Operating mechanism 24 inches in diameter, oil-operated hydraulic 

hoist mounted above bonnet. 

Air vents per gage 2 inlets, 8 inches in diameter, connected by header to 

12-inch pipe. 

Maximum head on gate 124 feet above gate sill 

Weight of 1 gate 90,000 pounds 

Trashracks : 

Number 8 (1 per opening) 

Dimensions of sections Semicircular section 6-foot 4-inch radius, 21 feet 

1% inches high. 

Size of bars IVa- and 1^-iiich square bars spaced 18 inches on centers 


POWER PLANT 

INTAKE 

Number of openings 4 ; 1 for each turbine, 14 feet 8 inches wide by 24 feet 

4 inches high. ' ' , 

Type Straight gravity-type concrete structure, independently stable 

Trashrack structure : 

Number - 4 

Dimensions 4 equal chords forming a semicircle of 13-foot radius. 

Foundation structure is 85 feet high and trashrack 65 feet high. 

Gross area 1,780 square feet 
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Trashracks : 

NnmlDer — 4. per structure, each in 5 sections 

Size of sections 8 feet 4% inches wide by 12 feet 11% inches high 

Size of bars Vertical oars 4 by % inch spaced 6 inches on centers, 

horizontal bars 6 by % inch at top and bottom, and 6- by %-inch interme- 
diate horizontal bars 2 feet 7 inches on centers. 

Gates : 

Number and type 3 tractor-type gates, 1 installed in the penstock 

opening of each of the 3 authorized units. 

Dimensions 20 feet by 30 feet 3% inches over-all 

Weight 108,000 pounds 

Maximum head 105 feet above center line of penstock opening 

Hoist Fixed chain-type electric-motor drive 

Air vents — . — 4 corrugated pipe vents 30 inches in diameter, 1 for each 
penstock. 

Gate hoists : 

Number^ 3, 1 for each authorized unit 

Type Fixed chain-type electric motor drive 

Location In hoist chamber in dam 

Capacity Lowering load, 130 tons; raising load, 60 tons 

Speed 8.3 feet per minute raise, 10.1 feet per minute lower 

Maximum lift 86 feet 

Motors (440 volts, 3-phase, 60-cycles) 1 per hoist, 50-horsepower, 

1,800/1,620 revolutions per minute splashproof, high-slip, squirrel-cage. 
Brakes 2 thrustor brakes, torque rating 190 pound-feet each 


Number 

Type 

Dimensions 

Air vents 

Bulkhead 

units 2 and 4. 


Penstocks 

— — 4 

Steel-lLned for lower 60 feet only 

- 19 feet in diameter and 123 feet long ; spacing 61 feet on centers 

1 for each penstock 

A temporary steel bulkhead placed in the penstock openings of 

POWERHOUSE 


Powerhouse superstructure completed for 3 units, substructure stall for fourth 
unit. 

Generating capacity (rated) : 

Initial installation 60,000 kilowatts in 2 units, a third unit authorized 

but deferred. 

Ultimate installation 112,000 kilowatts in 4 units, two 26,000-kilowatt 


and two 30,000-kilowatt capacity. 

Principal dimensions (S-unit installation) : 

Length 238 feet 

Width 05 feet 

Maximum height (foundation to deck floor) 93 feet 

Concrete 41,880 cubic yards 

Structural steel '^'78 tons 


Control Building 

Principal dimensions : 

Length 

Width 

Maximum height (above deck) 

Type 


158 feet 

55 feet 

24 feet 

Reinforced concrete 


Draft Tubes 

Number — ^ 

Type Concrete elbow, circular section at upper end changing to 2 rectan- 

gular passages at discharge point 

Draft tube liner Circular steel plate % inch thick extending about 4 feet 

down from top of draft tube ; diameter at top 16 feet 3 inehes. 

Horizontal length (center line of turbine to downstream face) 59 feet 

Pier __ Center pier of concrete 6 feet thick 

Outlet dimensions” (each half) 20 feet 3 inches wide by 15 feet 9 inches 

high at outer side and 13 feet 5% inches high at pier. 

Net area outlet opening (total for 1 unit) 592 square feet 
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Oates 1 set of 2 gates furnislieJ, 13 feet 5 inclies high, by 20 feet 3 inches 

clear opening between piers ; gates of steel construction. 

Bulkheads 3 sets of 2, 13 feet 7% inches^ high by 22 feet wide, of timber 

and steel construction. 


Turbines 

Number 1 

Manufacturer 

Type 

Rating (initial units only) 

Spacing ■ 

Efficiencies : 


2 initially, 4 ultimately 

S. Morgan Smith Co. 

Vertical Francis reaction 

41,000 horsepower at lOO-foot head 
61 feet 


Net head 

Full-gate 

capacity 

(horse- 

power) 

Guaranteed efficiency (percent) 

At full 
load 

41,500 

horse- 

power 

35,000 

horse- 

power 

30,000 

horse- 

power 

20,000 

horse- 

power 

130 feet 

125 feet 

no feet 

100 feet— 

75 feet 

50.000 
50, OOO 
49, 100 
41, 500 

23.000 
9, 000 

86. 5 
90.0 
84. 0 
82. 7 
74. 0 
50. 0 

83. 3 
87. I 
■ 90. 0 
82. 0 

, 80.0 
84. 0 
87. 0 
87. 8 

77.0 
81.7 
84. 6 
85.4 

68. 5 
72.7 

77.0 

78.0 

62 feet 











^Normal speed 94.7 reyolutions iier minute 

Runaway speed 189 revolutions per minute 

Specific speed 01 revolutions per minute 

Discharge at full gate and lOO-foot head 4,700 cubic feet per second 

Water velocities, full gate, 100-foot head : 

Trashracks 2.55 feet per second 

Intake gates 13.3 feet per second 

Scroll case entrance ; 17.3 feet per second 

Draft tube exit 7.8 feet per second 

Runner 15 buckets, vertical Francis ; cast steel, 177 inches in diameter 

(outlet). 

Main shaft Forged steel, 12 feet '6% inches long 33 inches in diameter 

Speed ring — Oast steel, 20 stationary vanes, 20 wicket gates 

Dimensions : 

Inside diameter IS feet 4 inches 

Height (over-all) 7 feet 8 inches 

• • Wicket gate height— 4 feet inches 

Guide bearing Oil lubricated, gravity feed, babbitt lined 

Clearances : 

Top seal 

Bottom seal 5 /^^ ineh 

Wicket gates (total top and bottom) inch 

Scroll case Riveted plate steel 

Guide vane servomotor cylinders 2 tor each turbfne, 22 inches in diameter, 

18%-iiich stroke, volume I3,640,cubic inches. 

Approximate weight of principal parts : 

Embedded parts : 

Scroll case 1 292,000 pounds 

Speed ring 111,000 pounds 

Draft-tube liner 17,000 pounds 

Curb ring — : 23,150 pounds 

Pit liner 1 20,000. pounds 
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Approximate weight of principal parts— Continue^ 

Internal and operating parts : 

Bottom plate i>.^,400 

Top plate 55,600 

Kunner 108,500 

Bearings and housing 33,800 

Servomotors (both) 12,000 

Gate ring 11,400 

Gate links, levers, and pins 10,300 

Wicket gates, total (20 gates) 49,800 

Shaft 42,900 

Total rotating parts 151,300 

Total weight of 1 turbine 1,088,000 

Maximum weight to be lifted by powerhouse crane 151,300 

jMaximnm unbalanced hyclraiilic thrust 190,000 

Total maximum turbine load on thrust bearing (rotating parts 

plus hydraulic thrust) 301,300 

Flywheel effect at 1-foot radius 3,200,000 


pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 


Go-VTERNORS 

Number - initially, 4 ultimately 

Manufacturer Woodward Governor Co. 

rpype Cabinet actuator 

Pipe size ^ inches 

Operating pressure : 

Maximum 300 pounds per square inch 

Minimum 250 pounds per square inch 

Rated capacity 88,000 foot-pounds per second 

Closing time of gates, minimum (guaranteed) — — 4 seconds 

Speed droop adjustment 0 to 6 percent 

Rated sensitivity of 1 per cent 

Oil pump: - « - . u- 4 . 

Number 2 m each cabinet 

Type — — -t — — — Itotary 

Rating-"” 15o"gallons per minute at 300-pound pressure and 900 revolu- 
tions per minute. ^ 

Motor 440-volt, 3-phase, 60-cycle, 40-horsepower, 900 revolutions per • 

minute. ^ ^ ^ 

Maximum velocity in oil lines dS feet per second 

Singlfunit ' - — 12 feet by 7 feet by 7 feet 9% incbes 

^K nnk.Zi-S.S. 19 feet by 7 feet by 7 feet m inches 


Generatobs 

T^rnmhpv - 2 initially, 4 ultimately 

MaOTfactOTe7rr.rrr™ General Electric Co. 

Electrical characteristics : ^ , „ , . ^ . 

Rating (initial units) Normal continuous ^3,333 kdovolt-am^res at 

• 0 9 power factor, 60° C. temperature rise, 6O-cycl0, B-phase, 13,800^ volts, 
94.7 revolutions per minute, class B insulation. Maximum continuous 
38,333 kilovolt-amperes at 0.9 power factor, 80° C. temperature rise, at 95 
to* 105 percent of rated voltage. 

Line charging capacity 18 m WlOToltamperS 

Synchronous condenser capacity - 18.300 tolo-volt ampeiM 

Efficiencies Guaranteed over-all including exciters and iheostats (100 

percent load equals 33,333 kilovolt-amperes) : 


Load, percent 

1.0 power factor 

^ 0.9 pow£ 

i 

ir factor 


50 

76 . ] 

100 _ j 

1 

1 115 ■ 

60 

75 

1 

1 100 

115 

Efficiency percept 

96.80 

97.40 

97. 55 

97. 56 

96.40 

97-00 

97.20 

97.20 
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Electrical characteristics — Continued 

Losses in kilowatts (calculated data, 100 percent load equals 33,333 kilo- 
volt-amperes) : 


Load, percent 

1.0 power factor 

0.9 power factor 

50 

76 

100 

1 

115 

i 

50 

75 

100 

116 

Field PR 

fiO 

70 

80 

94 

86 

112 

147 

176 

Friction and windage .i 

135 

135 

135 

135 

135 

135 

135 

136 

Core 1 

214 

214 

214 

214 

214 

214 

214 

214 

Armature PE 

34 

76 

134 

177 

34 

76 

134 

177 

Stray load 

. 22 

50 

89 

102 

22 

60 

89 

102 

Exciters and rheostats..- 

12 

14 

15 

18 

16 

19 

24 

28 

Total losses I 

477 

569 

667 

740 

507 

606 

743 

832 


Temperature detectors : 

Stator winding 12 resistance-type imils 

Bearings 2 units for each bearing 

Bearing oil bath 1 

Generator coolers — ^ 8 

Exciter air discharge 1 

Reactances : 

Birect axis synchronous 100 percent 

Direct axis ti'ansient 41 percent 

Direct axis subtransient 31 percent 

Quadrature axis transient 06 percent 

Quadrature axis snbtransient 40 percent 

Negative sequence 35 pei'Cent 

Stator leakage 20 percent 

Zero sequence 18 percent 

Resistances : 

Stator winding, per phase, at 75® C 0. 023 ohm 

I^eld winding, at 75° G ' 0. 22S ohm 

Short-circuit ratio 1. 1 

Symmetrical rms short-circuit currents calculated by manufacturer (ratio to 
rated current) : 

Initial 3-phase 3.23 

Initial single-phase 2. 63 

Initial line to neutral 3. 57 

Sustained 3-phase 1. 20 

Sustained single-phase 1. 46 

Sustained line to neutral 2. 19 

Yoltage regulator Automatic, high speed, noneontimxous vibrating with 

cross-current compensation. 

Full load regulation at rated voltage and .speed 24 percent of rated 

voltage between full load and no load at 0.9 power factor. 

Time response of voltage regulator ^ 3 cycles 

Field currents : 

Full load, 0.9 power factor 800 amperes 

Full load, 1.0 power factor 594 aniperes 

Operating as condenser, overexcited maximum 800 amperes 

vStator Y-connected, split windings 

Rotor, number of poles 76 

Damper windings Noncontinuous tyixe 

Generator mechanical characteristics : 

Drive Tertical, with direct connection to turbine shaft 

Rotation Countei'clockwise 

Brakes 6 shoes mounted on lower bearing bracket, bearing against 

lower rim of rotor ; operated by 90 to 100 pounds air pressure ; designed 
to bring unit to full stop from half speed within 8 minutes. 

Jacks Brakes may be used as jacks; operated by oil with hand pump 

at high pressure ; designed to lift rotor suflacient for bearing part inspection 
and removal. 

Venthation and cooling : 

Number of coolers 8 

Cooling water Maximum flow 600 gallons per minute at 20° C. 
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Generator mechanical characteristics—Oontinued 

Flywheel effect (WR®) 45,000,000 pound-feet® 

Bearings and lubrication : 


guide bearing located below the generator rotor. 

Thrust-bearing capacity 900,000 pounds 

Lubrication : Capacity of oil reservoir 1,200 gallons 

Oil characteristics : 

Viscosity seconds Sayholt Universal : • 

At 40° Fahrenheit 1900 

At 100° Fahrenheit 244 

Viscosity index 77 


Cooling Cooled by circulating water, 100 gallons per minute at 

20° O. 

Shaft Forged steel shaft 33 inches in diameter; hollow-bored with 

6-inch diameter ; flange connection to turbine shaft. 


Dimensions : 

Diameter of housing 38 feet 4 inches 

Diameter of stator^ 31 feet 8 inches 

Diameter of rotor 26 feet 4% inches 

Height of generator including exciters 13 feet inches 

Weight of principal parts (calculated n^t weights) : 

Rotor without shaft 370, 000 pounds 

Shaft 80, 000 pounds 

Bearings and lower bracket 150, 000 pounds 

Stator without coolers and housing 200, 000 pounds 

Main exciter 31, 000 pounds 

Pilot exciter 5, 300 pounds 

Main generator complete 955,000 pounds 


Exciters 

Main exciter : 

Type Shunt-wound, 10 poles, ' separately excited, direct-connected 

Rating 220 kilowatts, 250 volts, 880 amperes, 94.7 revolutions per minute 

Mounting Vertical, on shaft above generator 

Ceiling voltage 325 volts 

Nominal response ratio 1.0 

Insulation ■ Class A 

Pilot exciter : 

Type Compound wound, self-excited, direct connected 

Bating 17 kilowatts, 250 volts, 68 amperes, 94.7 revolutions per minute 

Insulation • Class A 


Generator Auxiliary Equipment 


Generator neutral reactor : ^ 

Number 1 for each generator 

Type Self-cooled, open coil, air core 

Rating 15,000-volt insulation, reactance 1 ohm, 1-minute rating of 4,000 

amperes, temperature rise 195° G. 

Mounting Steel cubicle 

Generator neutral oil circuit breaker : 

Number 1 for each generator 

Type FK— 158B 

Rating 600 amperes, 15,000 volts, 150,000 kilovolt-amperes interrupting 

capacity. 


Generator surge protective arrester : 

Number 0 

Manufacturer General Electric Co. 

Type Single pole, special 

Rating ■ 13.8 kilovolts, line-to-line 

Guaranteed performance data : 

Maximum permissible voltage, line-to-ground 12 kilovolts, rms 

Maximum voltage, line-to-line 1 — 15 kilovolts, rms 

Impulse voltage to start discharge with 1.5 x 40 microsecond wave aver- 
age crest — 39 kUovolts 

Impulse voltage to start discharge with AIDE standard impulse test aver- 
age crest 43 kilovolts 
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Generator surge protective arrester— Continued 
Guaranteed performance data — Continued 

Arrester cut-off or reseal voltage, line-to-ground 12 Eilovolts 

IR drop on 10 x 20 microsecond current wave of 1,500 amperes 

37 kilovolts, crest. 

Metau-olad vSwitgh Gear 


Generator metal-clad switch gear : 

Number 1 for each generator 

Type Steel housing with asbestos cement barriers, enclosing current 

transformers, potential transformers, surge protective arresters, discon- 
necting switches, busses, insulators, and cable terminals. 

Rating 15 kilovolts 

Size of bus 3%.- by 4-inch copper bars per phase 

Bus insulators 15 kilovolts, NEMA, class B-3 

Maximum short-circuit bus current — ■ 24,000 amperes 

Oil circuit breaker cubicle : 

Number 1 for each generator 

Manufacturer Allis-Chalmers Manufacturing Oo. 

Type J^teel housing enclosing oil circuit breaker 

Rating 15 kilovolts 

Breaker^ 2,000 amperes, 8 poles, 1,000,000 kilovolt-amperes interrupting 

capacity, electrically operated. 

Main Control Switchboards 


Type %-inch thick, stretcher-leveled steel, dead-front panels, for all boards 


Fanels 

Nurnber WidtTi 

Benchboard 7 2 feet 4 inches 

Instrument board 1 7 2 feet 4 inches 

Relay board 7 2 feet 4 inches 

DO. battery board 5 2 feet 0 inch 

Recording board 6 2 feet 0 inch 

Annunciator system: 

Number -14 illuminated visual annunciator windows and a large illu- 

minated unit numeral are provided for each generator on the respective 
actuator control boards with audible alarm signals mounted inside the 
actuator cabinets. 

Operation The annunciator and transmitter circuits on 48-volt direct 

current; recorder circuit on 250-volt direct current; supervisory circuits on 
115-volt alternating current. 

Load and frequency-control equipment : 

Principal equipment : 

1 Motor-generator set* alternating-current generator, 3.75 kilovolt- 

ampere; direct-current motor, 5 horsepower, 258 volts, 1,800 revolu- 
tions per minute. 


1 • Station-load recorder 

1 Tie-line load recorder controller 

1-.^ Frequency controller 

2 Unit-load controllers 


Selector switches and auxiliary devices. 

Station control battery and chargers:, 

Number of cells 120 

Type of cells — ^lead plate 11-plate, glass- jar type 

Ampere-hour capacity of cells 250-volt, 50 amperes for 8 hours to final 

voltage of 1.75 per cell. 

Number of chargers 2 


Type of chargers — ! Motor generator 

Rating of chargers: 

Motor 30-horsepower, induction type, 440-volt, 3-phase, 60-cycle 

Generator 20-kilowatt, diveifer-pole type, direct current, maxl- 

muia voltage 300. 


Carrier-current telephone equipment : 

Principal equipment : 

1 Transmitter-receiver unit, with 2 local extension lines, using 

154-volt transmission lines as the conducting medium. 
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Auxiliary Power 

Main station service power transformers : 

Number __ o 

Manufacturer Allis-Oli aimers Manufacturing Co. 

Xype Indoor, self-cooled, noninflammable, liquid-filled 

Eating 1,000-lalovolt-ampere, 3-phase, 13,200~480-volt, 60-cycle, 55° C. 

rise. 

Connection High side wye with ungrounded neutral, low side delta 

Taps Three 2% percent above and one below 13,200 volts, full capacity 
Manufacturer’s test data at 75° C., rated voltage, and rated frequency, 
average values : 

Impedance percent 

Exciting current _ 2 03 nercent 

No-load losses mUri ^385 watts 

Total losses 9^890 watts 

Regulation : 

Percent power factor 100 90 

Percent regulation 9.83 3.36 

Efficiency at 100 percent power factor : 

Percent load 100 75 00 

Percent efiiciency 99. 02 99. 07 99. OO 

Segregated weights: 

Cove and coils 8,000 pounds 

Tank and fittings 3,100 pounds 

Liq;uid (415 gallons Ohlorextol) 5,450 pounds 

Total 16,550 pounds 

Dimensions : 

Projected floor space : 55 by 80 inches 

ITeight over tank 9014 inches 

Headroom for untaking 182 inches 

Emergency auxiliary power generator : 

Number 1 

Manufacturer ^ 

Gasoline engine Buffalo Gasoline Motor Co. 

Generator Westinghouse Electric & Manufacturing Co. 

Type Direct-coupled, common bedplate 

Engine rating 290-brjdvC 1, -i at 1,200 revolutions per minute, 

S-cylinder, 614-incli bore, 7 I'-l-volt starters. 

Fuel consumption per kilowatt-hour : 

Percent load 100 75 „ 50 

Pounds of fuel 0.94 0.9S 1.15 

Generator rating 2()0-kilovolt:ainpere, SO-percent power factor, 3-phase, 

480-volt, 60-cycle. 

Generator regulation : 

Unity power factor 25 percent 

80 percent power factor 40 percent 

Generator efliciency at unity power factor : 

Percent load 100 75 50 

Percent efliciency 94. 3 93. 6 91. 5 

Exciter rating 125-YOlt, 24-ampere 

Total weight of engine-generator set 16,300 pounds 

Dimensions of engine-generator set : 

Projected floor space 39 by 173 Vi inches 

Height - 65% inches 

Powerhouse lighting transformers: 

Number ; — " --2 

Manufacturer General Electric Go. 

Type Standard distribution, noninflammable, liquid-filled 

Bating 100 kilovolt-ampere, 480-240/120-volt, single-phase, 60-cycle 

Connections ^ Single-phase, 3-wire 

Primary taps Two 5-percent full-capacity taps below normal 

■\Yeiglit ' - 2,420 pounds 
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Auxiliary power switchboards : 

Main 44()-volt auxiliary power board : 

Location Elevation 900 floor in room with 2 station service trans- 

formers. 

Equipment — carbon circuit breakers for: 

3 Supply circuits for station service transformer and emer- 

gency generator. 


1 Bus tie 

2 Circuits to common auxiliary power board 

4 Circuits to unit auxiliary power boards 


7 Outgoing circuits to air-conditioning auxiliary power board, 

sump pump motor, powerhouse crane, station lighting transformer, 
intake dam, spillway dam. 

Common 440-volt auxiliary power board : 

Location Elevation 914 floor in electrical bay 

Equipment : 

Double-tbrow unfused knife switches for connections to incoming 
supply cables. 

Eused knife switches for control of station auxiliaries. 

440-volt unit auxiliary power boards : 

Location Elevation 900 floor in electrical bay 

Equipment : 

Each unit board has 2 possible supply circuits and has branch cir- 
cuits for governor oil pump motor, generator room heaters, gen- 
erator housing heaters, power receptacles, 2 transformers for 
Selsyn-type position indicators, turbine bearing oil pumps. 
440-volt air-conditioning board : 

Location Elevation 939 floor in air-conditioning room 

Equipment : 

Single supply circuit which may be energized from either 440-volt 
bus at main auxiliary power board or from emergency auxiliary 
generator. Power circuits for heating, ventilating, and air- 
conditioning equipment. 

Station lighting and heating board : 

Location Elevation 914 floor in room of electrical bay 

Equipment : 

2-pole, double-throw knife switches connecting 2 lighting buses to 
lighting transformers. 

2-pole, fused knife switches feeding lighting cabinets and heater 
cabinets. 

' 440-volt emergency generator control board : 

Location Elevation 900 floor in separate room 

Equipment : 

Indicating instruments, voltage regulator, generator breaker, field 
switch, field rheostat. 

Fire Protection 

Carbon dioxide system : 

Number of systems 2 

Equipment : 

System No. 1. — ^Protection of generators Air space within each 

machine 14,000 cubic feet; twenty 50-pound cylinders for initial dis- 
charge; fourteen 50-pound cylinders for delayed discharge; twenty 
50-pound cylinders for reserve initial discharge. 

System No. 2. — ^Protection of oil storage, oil purification,, and gas-electric 
generator set rooms : Air space — oil storage room — ^19,000 cubic feet ; 
air space — oil purification room — 6,750 cubic feet; air space — gas- 
electric generator room — 6,760 cubic feet; simultaneous discharge of 
eighteen SOTpouud cylinders into the oil storage room, or nine 50-pound 
cylinders into each of the other 2 rooms. 

Portable equipment Thirteen 2-pouad, one 10-pound, and sixteen 

15-pound hand-type fire extinguishers located conveniently throughout 
the powerhouse ; one 100-pound buggy-type carbon dioxide unit in the 
switchyard. 
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Water syistem : 

Treated water is supplied, by gravity, for fire protection in both the power- 
house and switchyard. 


Fire hydrants : 

Number 3 

Size 4 inches with two 2i/^-inch outlets 

Location Switchyard 

Fire-hose outlets : 

Number 7 

Size IV 2 inch 

Location Powerhouse 


III addition, there are nineteen l-inch outlets scattered throughout the 
powerhouse and 11 in the spillway gallery. Three 25'foot lengths of 
1-inch rubber hose are provided for these outlets. 

Heating, Yentilating, and Air-Conditioning Systems 

Heating system : 

Total connected heating load in powerhouse 402 kilowatts 

Ventilating system : 

Fans : 



Fan 

Motor 

Designation 

Cubic feet 
per minute 

Static pres- 
sure 

horse- 

power 


3,500 

Inches 

K 

34 

■ ■ V 

38,500 

H 

10 

Main supply fan No. 2.. .... 

58,000 

Vs 

15 

Toilet Mo- 1 . 

5,400 

2 i 

3 

Toilet exhaust /sn Nn, 9, . . _ _ _ 

5,000 


1 

Battery room exhaust fan 

2,600 

2 

m 

Electric hFiy exhaust fan _ _ __i 

40,000 

K 

7M 

Service hay e^hanst fan 

17.000 

12. 000 

Ys 

6 

Attic exhfluat fan - 

1 

4M 

''rnv'hino nif snnniv fan - - 

1, 660 

Vs 

H 




All fans are centrifugal blower type except the turbine pit snpply fans, which 
are propeller type. , , ^ 

All motors are 440-volt, 3-phase, OO-cycle except those for the propeller type, 
which are llO-volt, single-phase, 60-cycle. 

Air-conditioning system : 

Pans 



Fan 

Motor 

1 horse- 
power 

Zone 

Cubic 
feet per 
minute 

Static 

pressure 

' 


5,200 

Inches 

1% 

2 

Offices - 

8,600 

m 

5 


2,600 

1 

1 


Refrigerating machinery : 

Number 

Type 

Capacity 

Motor rating 


1 unit 

Z. Freon — 12 compressor 

IT-TITI 1 56.25 tons 

75-horsepower, 440-volt, S-phase, 60-cycle 
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Otlier equipment : 

Condenser pump Centrifugal, single-stage, single suction, 150 gallons 

per miriute at 20 feet. 

Condenser pump motor iy 2 -liorsepower, 440-volt, 3-pliase, 60-cycle, 1,150 

revolutions per minute. 

Ghilled water pump Centrifugal, single-stage, single-suction, 135 gal- 

lons per minute at 125 feet. 

Ghilled water pump motor 7 -horsepower, 440-volt, 3-phase, 60-cycle, 

3,460 revolutions per minute. 


Drainage ani> Un watering System 


Equipment: 


Itwn 

Station drainage pumps 

Installed unwateriiig 
pump 

Spare mi watering pump 


2 : .. 

1 

1. 

Peerless Pump Division 
of Food-Machinery 
Corp. 

3,000. 

54. 

Deep-well turbine, 

3. 

General Electric. 

60 horsepower. 

Manufacturer 

Capacity, gallons per 
minute. 

Head, ffip.t, 

Peerless Pump Division 
of Pood-Machinery 
Corp. 

300-.. 

Peerless Pump Division 
of Food-Machinery 
Corp. 

3,000 

50 - 

54 

Type. 

Deep-well turbine 

Deep-well turbine 

Num bfir of stages 

3 

3.... - 

Motqr, manufacturer 

Motor, 440 volts, 3-phase, 
60 cycles. 

General Electric 

7H ■ horsepower (1,750 
revolutions per 
minute) . 

General Electric 

75 horsepower (1,175 rev- 
olutions per minute). 


Teeated-Water System 

Source and location Water is obtained from a spring located approximately 

4,000 feet northeast of dam. Pumping station and treatment plant located 
directly over spring. 

Equipment : 

2 service pumps 75 gallons per minute at 345-foot total dynamic head, 

Fairbanks, Morse Go. 

Motors 15-horsepower, 440-volt, 3-pliase, 60-cycle, 3,450 revolu- 

tions per minute, Fairbanks, Morse Co. 

Accessories 2 each of float switches, fused switches and starters, 

and push buttons. 

1 hypoohlorinator Propoi^ioneers solution feeder, heavy-duty midget 

Glilor-O-Feeders, capacity 0 to 6.5 gallons per hour, manually controlled, 
driven by a %-horsepovver, 110-volt, 1-phase, 60-cycle motor with accessories. 

1 Calgon feeder Proportioneers solution feeder, heavy-duty -midget 

* Chlor-O-Feeders, capacity 0 to 6.5 gallons per hour, manually controlled, 
driven by a -horsepower, 110-voIt, 1-phase, 60-cycle motor with accessories. 

1 spare solution feeder Proportioneers solution feeder, heavy-duty 

midget Chlor-O-Feedexs, capacity 0 to 6.5 gallons per hour, manually 
controlled, driven by a Vo-horsepower, llO-volt, 1-pliase, 60-cycle motor 
with accessories. 

1 electric heater 5 kilowatts 

1 elevated storage tank Steel, capacity 50,000 gallons 


Raw-Water System 


Source Unit penstocks 

Flow Gravity 
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Oil Systems 

Equipment: 

Oil purifiers: 

Item 

Insulating oil purifier 

Governor and lubricating oil 
purifier 


l._ 

1. 

De Laval Separator Co. 

3.60. 

18 kilowatts. 

General Electric. 

2 horsepower (1.740 revolutions 
per minute). 

(Same motor as above.) 

Manufacturer 

Capacity, gallons per hour 

Filter press capacity 

De Laval Separator Co 

600 without press, 900 with press. 

l,200gallonsper hour , . 

36 Irilowatts 

Pump motor, manufacturer | 

Pump motor, 440 volts, S-phase, 60 1 
cycles. ! 

Centrifuge motor, manufacturer 

Centrifuge motor 

General Electric 

5 horsepower (1,735 revolutions 
per minute). 

General Electric 

2 horsepower (1,740 revolutions 
per minute). 


Oil pumps: 


Item 

Insulating oil 

Governor and lubricating 
oil 

Sluice gate oil 


1. 

2 (1 clean, 1 dirty) 

2. 

Quimby. 

20, 

General Electric. 

25 horsepower (1,170 revo- 
lutions per minute). 

Manufacturer 

Worthington. 

Worthington 

Capacity, gallons per 
minute. 

Motor, manufacturer. 

100 

30-..: - 

Westinghouse 

Westinghouse _ 

Motor, 440 volts, 3-phase, 
60 cycles. 

15 horsepower (705 revo- 
lutions per minute). 

3 horsepower (695 revo- 
lutions per minute) . 


$ 

COMPBEBSED-Am SYSTEM 

Air compressors: 


Item 

Stationary compressor 

Portable compressor 


1 ... 

1. 

Sullivan. 

105. 

100.- 

Air. 

26 horsepower (880 revolutions 
per minute). 

General Electric. 


Sullivan 

Capacity, cubic feet per minute 

Pressure, pounds per square incli 

Cooling medium.-..--- 

106 

100 - 

Water 

Motor, 440 volts, 3-phase, 60 cycles.-. 

Motor, manufacturer 

25 horsepower (1,760 revolutions 
per minute). 

General Electric 


PowEEHousE Crane 

Type Double-trolley, traYellng gantry crane, main and auxiliary hook 

on each trolley. Boom hoist at one corner. 

Rails • 175 pounds, 63 feet 0 inch center to center. 

Motors (ail 440-volt, 3-phase, 60-cycle: 

Main hoist (2) 50-horsepower at 600 revolutions per minute, open 

frame, wound rotor. 

Auxiliary hoist (2) 50-horsepower at 600 revolutions per minute, open 

frame, wound rotor. 

Gantry travel (4) 30-horsepower at 1,800 revolutions per minute, open 

frame, wound rotor, gear-motor type, 49 Tevolutions per ininute output 
speed. 

Trolley travel (2) 10-horsepower at 900 revolutions per minute, open 

frame, squirrel cage. 

■ Boom hoist (1) 25-horsepower at 900 revolutions per minute, open 

frame, squirrel cage. 

Boom slewing (1) 5-horsepower at 900 revolutions per minute, open 

frame, squirrel cage. 


794 . 091 - 49 - -25 
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Location 

Brake 

Rating, 

pound-feet 


Disk 

Each 

10 

800 

800 

160 

160 

400 

75 

TV/Tfli-n Tinicsi: ^9^ -- 

Thrustor 

_A tioisti (3} ■ - - - ^ * ^ _ 

do 

tyo ... 

do 


. Solenoid 

'Rrtnm hnicsh 

! Thrustor 

"RrtAm QlAwiTiCr /l^ 



1 Solenoid 


Capacities and speeds ; 


Item 

Capacity (in tons) 

Speed, feet per 
minute 

Approxi- 
mate length 
of travel 
in feet 

Maximum 
lift in feet 

Moiiii iioisti - - 

2 at 112.5 

5-6 


05 

100 

A iixiliary Tipbt 

2 at 25 

25-30-,- 


Trolley i 


25-35 

31 

1 237H 

CffliTitry travel 


65-75- 


Boom hoist - - . 

1 at 25 - ; 

10-15 - 

120 

BO'^rn Rip^riog 


: 180“ in 1 minute 








1 For 3 authorized units. 


Service Bay Crane 

Bridge ; ' ‘ 

Type — Single I-beam and channel girder on fixed end trucks of two 


wheels each. 

Span 28 feet 

Hoist : 

Type Trolley-type suspended hoist mounted on lower flange of girder 

Capacity 5 tons 

Speed Approximately 17 feet per minute 

Maximum lift 20 feet 

Operation : 

Trolley travel Maimally operated 

Bridge travel Manually operated 

Hoist Electrically operated by 6.5-horsepower motor 

Power supply By cable reel 

Passenger Elevator 

Type Gearless, automatic, electric 

Capacity 5,000 pounds ’live load 

Motor 1 : Direct current 

Motor-generator set : 

Motor 45 horsepower, 440 volts, 3 phase, 60 cyclers, induction type 

Generator 100 amperes, 250 volts, direct current 

Exciter generator 14 amperes, 230 volts, direct current 

Controls Automatic push-button, single-call type 

Lift 81 feet, speed 250 feet per minute 

Platform 7 feet 2 inches by 6 feet 0 inch inside cab 


Landings Bottom elevation 928.83, top elevation 1009.0, 1 intermediate land- 

ing elevation 999.0. 


“Peinoipal Machine-Shop Equipment 

1 hacksaw, motor-driven, by O^-ineh capacity, with a 2-hp, 440-volt, 8-pbase, 
60-cycle, 1,200-rpin motor and 3-speed transmission. 

1 bench lathe, 10 by 54 inches, driven by a i/^-hp, 440-volt, 3-phase, 60-cycle, 1,725,- 
rpm motor. 

1 portable pipe-threading machine, % hp, 110 volts, motor-driven, with accessories. 
1 furnace, forging type, open front, coal-fired. 
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1 sensitive drill, lO-mch size, driven by a %-hp, 440-volt, S-phase, 60-cycle, 1,750- 
rpm anotor. 

1 tool-post grinder, witli accessories, driven by a 110-volt, 1-phase, 60-cycle, 
3,450-rpm motor. 

1 pedestal grinder, 2-wheel, 12-inch size, driven by a 2-hp, 440-voIt, S-iahase, 60-cyel6 
motor. 

Miscellaneous assortment of small tools. 

SWITCHYARD 


> Steel 

All structures are of galvanized structural steel ; all field connections bolted ; 
all structures designed for maximum allowable stresses in accordance with 
TVA structural steel standards. 

Mechanical Equipment 

Transformer transfer car : 

Maximum design load : 

Maximum design wheel load 

Wheel base 

Transfer track gage 

Transformer rail gage . 

Loading winch, hand-operated, line pull 

Electkical Equipment 

Main power transformers : 

Number - . 

Manufacturer General Electric Co. 

Type Single-phase, oil-insulated, self-cooled and forced-air-cooled, 

nitrogen-gas-filled, outdoor. 

Rating Single-phase, 20,000 kilovolt-amperes, self-cooled; 26,667 kilo- 

volt-amperes, forced-air-cooled. All units 161,000-13,200 volts, 60 cycles, 
55-degree temperature rise. 

Connections’ Wye on high-voltage side with neutral grounded through 


reactor, delta on low-voltage side. 

Taps in high-voltage winding Two percent above and two 2% 

percent below 161,000 volts, full capacity; tap transfer, no-load manual. 

Polarity ^ Subtractive 

Test data (average values at 20,000 kilovolt-amperes) : 

Exciting current : 

At 100 percent rated voltage 1 2.40 percent 

At 90 percent rated voltage 1.17 percent 

At 110 percent rated voltage v— 5.17 percent 

Impedance, at 75“ O., 161 to 13.2 kilovolts-. 10.95 percent 

Resistance, at 75® 0. ; 

161-kilovolt windings 0.6618 ohm 

13.2-kilovolt windings 0.01469 ohm 

Efficiency, at 75® O., 100 percent power factor : 

Full load ! 99.39 percent 

^ load 99,42 percent 

% load 99.38 percent 

Regulation, at 76® 0. : 

100 percent power factor 1.00 percent 

90 percent power factor : 5.69 percent 

80 percent power factor 7.24 percent 

Losses, no load : 

110 percent rated voltage 61 kilowatts 

100 percent rated voltage 42 kilowatts 

90 percent rated voltage — 31 kilowatts 

Total losses at full load, rated voltage 122 kilowatts 

Weights of parts : 

Tanks and fittings 62,000 pounds 

Core and coils 49,000 pounds 

Oil (8,600 gallons) 64,000 pounds 

Total 175-,000 pounds 


90 tons 

25 tons 

- S feet 9 inches 
4 feet 814 inches 
4 feet Sy 2 inches 

— 4,000 pounds 
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Main power transformers — Gontinned 


Dimensions : 

Projected floor space 15 feet 11 inches by 13 feet 9^^ inches 

Height over tank 17 feet 6% inches 

Over-all height 24 feet 5 inches 

Track gage 4 feet 8% inches 


Bushing characteristics (withstand values in kilovolts) : 


Item 

60-cycle dry 
flash-over 

60-cycle wet 
flash-over 

Impulse 

flash-over 

crest 



60 

45 

110 


isbiug 

385 

310 

750 


■ bushing 

120 

100 

250 


Neutral reactor : 

Number 1 

Type Air core, oil-immersed, shielded to prevent excessive heating in 

tank wall, and eQuipped with nitrogen-gas system, outdoor type, with 
lightning arrester. 

Manufacturer General Electric Co. 

Hating : ' ' 

1-minute current rating 800 amperes 

l-minute kilovolt-ampere rating 32,000 kilovolt-amperes 

1-minute temiierature rise 120® G. 

Resistance (test data) 0.58 ohm 

Reactance (test data) 51.32 ohms 

’Line busliing 46 kilovolts 

Grounded hushing 15 kilovolts 

Arrester, mounted on tank 40 kilovolts 

Total weight 7,000 pounds 

Switch gear and switches : 

161-kilovolt oil circuit breakers : 

Number 3 

Manufacturer Genei*al Electric Co. 

Type 3 pole, solenoid-operated, outdoor type ; all are standard 

iionreclosing 
Rating : 

Rated voltage 161 kilovolts 

Rated continuous current 1,200 amperes 

Rated frequency 60 cycles 

Interrupting rating at rated voltage with open-close-open 15 seconds 

open-close-open duty cycle 2,500,000 kilovolt-amperes 

Interrupting rating at rated voltage, with open-close-open 0 second 

open-close-open duty cycle 2,125,-000 kilovolt-amperes 

Guaranteed performance data: 

Closing time, from the instant the control switch is closed, with 250'-volt 

direct current applied, until breaker is fully closed 0.67 second 

Opening time, at 100 perceu^ j^^tlng, from instant trip 

circuit is energized with *.:■'■ ■ current, until arc is ex- 
tinguished 0.23 second 

l-minute, 60-cycle withstand test voltage : 

Complete breaker 364.25 kilovolts 

Bushing 315 kilovolts 

Design data: 

Weight, net, breaker complete with oil r 77,000 pounds 

Weight, net, breaker without oil 37,750 pounds 

Oil, per complete breaker 5,300 gallons 

Weight, net, bushing 1,480 pounds 

Impact, equivalent static load, includes dead load plus impact value on 

opening at maximum interimpting rating 237,000 pounds 

Auxiliary closing relay current, with 250-volt direct current applied to 

‘ mechanism control panel terminals 0.8 ampere 

Closing current of solenoid on 250-volt direct current 150 amperes 

Tripping current required with 250-volt direct current applied to 
mechanism control terminals 3 amperes 
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Disconnecting switches : 

161-kilovolt disconnecting switches : 

Number 5 mannally operated, 1,200 amperes ; 1 manually operated, 

600 amperes, with grounding switch; 1 manually operated, 1,200 
amperes, with grounding switch ; 1 motor-operated, 1,200 amperes. 

Manufacturer Electric Power Equipment Corp. 

Type— 3-pole, single-throw, outdoor, vertieal-hreak 

15-kilovolt fused disconnecting switches: 

Number ___ ^ 

Manufacturer^ “ ir^aeneral Electric Co“ 

Type Single-pole, hook-stick-operated, outdoor, vertical-break, 1- 

ampere current-limiting fuse. 

Lightning arresters : 

Number 1 

Manufacturer General Electric Co. 

Tyx)e 3-pole, station type 

Rating 131 kilovolts, line to line 

Guaranteed performance data: 

Maximum permissible voltage, line-to-ground 145 kilovolts, rms. 

Maximum voltage, line-to-line 169 kilovolts, rms. 

Impulse voltage to start discharge with 1.5 by 40 microsecond wave 

average crest 463 kilovolts 

Impulse voltage to start difecliarge with AIEE standard impulse test 

average crest ' 516 kilovolts 

Arrester cut-off or reseal voltage, line to ground 145 kilovolts, rms. 

IR drop on 10 hy 20 microsecond current wave of 3,000 amperes 456 

kilovolts, crest. 

Line potential devices : 

Number 6 

Manufacturer General Electric Co. 

Type Fedestal-type coupling capacitor and potential device assembly, 

for use with carrier-current equipment. 

Rating 161 kilovolts, 150 watts 

Line wave traps: 

Number 6 

Manufacturer General Electric Go. 

Type 4 single-frequency, suspension type, 2 double-frequency, sus- 

pension type. 

Rating 800-ampere capacity with 50- to 150-kilocyele tuning range 

Insulators : 

Rating and type 38 kilovolts, pedestal type 

Number of units per stack for 161-kilovolt service ' 4 

Manufacturer Porcelain Insulator Corp. 

Dry flash-over, per stack 485 kilovolts, rms. 

Wet flash-over, per stack 380 kilovolts, rms. 

Leakage distance, per stack 132 inches 

Cantilever strength, upright..-, 1,200 pounds 

Rating and type 46 kilovolts, pedestal tyjoe 

Manufacturer Porcelain insulator Corp. 

Dry flash-over ITO kilovolts, rms. 

Wet flash-over 1 125 kilovolts, rms. 

Leakage distance 36 inches 

Cantilever strengtli, upright 2,fl00 pounds 

Rating and type 15 kilovolts, pedestal type 

Manufacturer Porcelain Insulator Corp. 

Dry flash-over 85 kilovolts, rms. 

Wet flash-over 55 kilovolts, rms. 

Leakage distance 12 inches 

Cantilever strength, upright 2,.000 pounds 

Rating and type 15 kilovolts, suspension type 

Number of units per string for 161-kilovolt setvice : 11 

Manufacturer Ohio Brass Co. 

Dry flash-over i 640 kilovolts, rms. 

Wet flash-over 455 kilovolts, rms. 

Mechanical and electrical strength 15,000 pounds 
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Potential coordination gap : 

Number ' 6 

Manufacturer Locke Insulator Oorp, 


on caps and base of insulation stacks, complete with adjustable bottom 
shield between 35 inches and 45 inches in steps of 1 inch. 

Bating 161 kilovolts 

1944 SWITCHYARD EXTENSION 

Autotha-nsformer Bank 

Number 3 

Manufacturer General Electric Go. 

Type Outdoor, oil-insulated, water-cooled 


windings and 1,333 ' on the 14.17-kilovolt tertiary winding, 

60 cycles, SS-degree centigrade rise^ 


winding delta 

Polarity Subtractive 

Impedance : 

161,000 T to 112,700 Y volts at 9,5QP kilovolt-amperes 4.95 percent 

161,000 Y to 14,170 volts at 1,333 kilovolt-amperes 2.10 percent 

112,700 Y to 14,170 volts at 1,333 kilovolt-amperes 2.44 percent 

Regulation : 

161,000 Y to 112,700 Y volts : 

100 percent power factor 0.48 percent 

90 percent power factor ^ 2.57 percent 

SO percent power factor 3.81 percent 

Exciting current : 

161,000 Y to 112,700 Y volts 2.08 percent 

Losses * 

161,000 Y to 112,700 Y volts, 9,500 kilovolt-amperes : 

Core 28,950 watts 

Load 29,600 watts 

Total 58,550 watts 

161,000 Y to 14,170 volts, 1,333 kilovolt-amperes : 

Gore .28,950 watts 

Load 1,‘800 watts 

Total 30,750 watts 

112,700 Y to 14,170 volts, 1,333 kilovolt-amperes : 

.Core 28,950 watts 

Load 3,100 watts 

Total 32,050 watts 

Segregated weights : 

Core and coil 33,500 pounds 

Tank and fittings 29,500 pounds 

Oil 52,000 pounds 

Total 115,000 pounds 

Dimensions ; 

Projected floor space 103% by 168% inches ' 

Height over tank 167% inches 

Height over-all 259% inches 

Untanking height 302% inches 

Oil CmctriT Breakers 

161-kilovolt oil circuit breakers ; 

Number 1 

Manufacturer General Electric Co. 

Type 3-pole, electric motor-operated, 8-cycle opening, outdoor, type 

FHKO-39^72B-P4. 

Bating : 

Bated voltage 161 kilovolts 

Bated continuous current 600 amperes 

Bated frequency 60 cycles 

Interrupting capacity 1,500,000 kilovolt-amperes 
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I’otential coordination gap — Continued 
110-kilovolt oil circuit breakers : 

Number 1 

Manufacturer^ Westinghouse Electric & Manufacturing Co. 

Type 3-pole, electric solenoid-operated, outdoor, single-shot re- 

closlng, S-cycle opening, type (j22-P. 

Hating; 

Rated voltage 110 kilovolts 

Rated continuous current 600 amperes 

Rated frequency !. 60 cycles 

Interrupting capacity 750,000 kilovolt-amperes 

15-kilovolt oil circuit breakers ; 

Number • 2 

Manufacturer General Electric Go. 

Type 3-pole, solenoid-operated, outdoor, standard 3-shot reclosing, 

frame-mounted, type FLO-2. 

Rating : 

Rated voltage 15 kilovolts 

Rated continuous current 600 amperes 

Rated frequency 60 cycles 

Interrupting capacity 250,000 kilovolt-amperes 

Lightning Aeeestees 

115-kilovolt arrester : 

Number 1 

Manufacturer 1 1 General Electric Co. 

Type 3-pole, station type 

Rating j. 115 kilovolts, line-to-line 

Maximum voltage, line-to-grourid 103 kilovolts' 

Reseal voltage, line-to-ground 103 kilovolts 

161-kilovolt arrester : 

Number 1 

Manufacturer Westinghouse Electric & Manufacturing Co. 

Type 3-pole, station type 

Rating 161 kilovolts, line-to-line 

Maximum voltage, line-to-groiind 145 kilovolts 

Reseal voltage, line-to-ground 145 kilovolts 

13.8-kilovolt arrester ; 

Number 1 

Manufacturer Westinghouse Electric & Manufacturing Co, 

Type 3-pole, station type 

Rating 13.8 kilovolts, line-to-line 

Maximum voltage, line-to-ground 12 kilovolts 

Reseal voltage, line-to-ground — jl 12 kilovolts 


Voltage Regulatoe 


Number 1 

Manufacturer General Electric Co. 

Type ..-.Outdoor, self-cooled, step type, oil-insulated 

Rating S-phase, 300 kilovolt-amperes, 60 cycles, 13,800 volts, 10 percent 

plus or minus regulation in 16 1% percent steps. 

Segregated weights : 

Regulator with oil 11,750 pounds 

Liquid 4,150 pounds 

Total 11,750 pounds 

Dimensions: 

Projected floor space ■ 71 by 75 inches 

Height over case 92 inches 

tieight over all 102 inches 

Emergency Station Service and Grounding Teansformee 

Number 1 

Manufacturer Moloney Electric Co, 

Type Outdoor, oil-immersed, self-cooled 
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Potential coordination gap— Continued aa 

Rating 1,500 kilovolt-amperes, 3-phase, 13,200-480 volts, 60 cycles, 

55-degree rise. 

Connections High side wye with grounded neutral, low side delta 

Taps 2 214 percent above and below 13,200 volts, full capacity 

Manufacturer’s test data at 75“ C. rated voltage, and freauency, average 
values: 

Impedance 4.44 percent 

Reactance 4.36 percent 

Exciting current 1-57 percent 

No-load losses 4,109 watts 

Total losses 16,249 watts 

Regulation : 

Percent power factor 100 80 

Percent regulation ^ 0.91 3.35 

Efficiency at 100 percent power factor : 

Percent load 100 75 50 25 

Percent efl&ciency 98.92 99.03 99.05 98.72 

Segregated weights: 

Core and coils 1 8,025 pounds 

Tanks and fittings 4,800 pounds 

Oil (725 gallons) 5,450 pounds 

Total * 18,275 pounds 

Dimensions : 

Projected floor space 70 by 106 inches 

Height over lank : 101% inches 

Height over all 117% inches 


Disconnecting Switches 


161-kilovolt switches : 

Number 1 manually gang-operated, 600 amperes; 

1 motor-operated, 600 amperes. 

Manufacturer Electric Power Equipment Co. 

Type 3-pole, single-throw, horizontal, underhung, outdoor type 

llO'kilovolt switches : 

Number 1 manually gang-operated, 600 amperes with grounding 

blade; 1 manually gang-operated, 600 amperes. 

Manufacturer Delta Star Electric Co. 

Type 3-pole, single-throw, vertical mounting, outdoor type 

15-kilovolt switches: 

Number 12 liook-stick-operated, 600 amperes ; 1 manually gang- 

operated, 600 ampere's. 

Manufacturer Memco Engineering & Manufacturing Co. 

Type Single-pole and 3-pole, vertical mounting, outdoor type 

15-kilovolt switches : 

Number 3 manually gang-operated, 600 amperes 

Manufacturer Southern States Equipment Go. 

Type 3-pole, single-throw, vertical mounting, outdoor type 

Line Traps 

Number 2 

Manufacturer General Electric Co. 

Type 2 single-frequency, 400 amperes. All have a 50- to 150-kilocycle 

tuning range. 


Potential Coordination Gap 

Number 3 

Manufacturer Locke Insulator Corp. 

Type-.., 36-inch-diameter ring of 1-inch steel pipe, for mounting direct on 

cap and base of insulator stack, complete with adjustable bottom shield 
between 23 and 32 inches in steps of 1 inch 
Eating j^X5 kilovolts 
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Inbtjlatoes 

161-kilovolt service : 

Heating and type 

Number of units per stack 

Manufacturer 

Dry flasli-over per stack 

Wet flash-over per stack 

Leakage distance per stack 

Cantilever strength, upright 

15-kilovolt service : 

Hating and tyine 

Manufacturer 

Dry flash-over 

Wet flash-over 

Leakage distance 

Cantilever strength, upright- 

161-kilovolt service : 

Ha ting and type 

Number of units per string 

Manufacturer — — 

Di’y flash-over ^ 

Wet flash-over 

Mechanical strength 


3S-kilovolt, pedestal type 

4 

Locke Insulator Corp. 

: 485 kilovolts 

380 kilovolts 

132 inches 

1,200 pounds 

15-kilo vot, pedestal type 

Ohio Brass Co. 

85 kilovolts 

50 kilovolts 

11% inches 

1,500 pounds 

15-kilovolt, suspension type 

11 

Locke Insulator Corp. 

635 kilovolts 

465 kilovolts 

15,000 pounds 
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REPORTS OF CONSULTING ENGINEERS 
AND GEOLOGISTS 

This appendix contains the joint recommendations and approvals following 
studies by the Tennessee Valley Authority Board of Consultants. In addition, 
individual reports were also prepared by consultants on research and other work 
ordinarily done by regular staff members of the TVA, but this appendix has been 
limited to the reports of the consultants acting as a board. 

Geological and Foundation Conditions 
February 27, 1942 

The undersigned consultants assembled at Knoxville on Tuesday, February 24, 
1942, and after having the general purpose and scope of the meeting stated by 
Theodore B. Parker, Chief Engineer, heard progress reports from members of the 
chief engineer’s staff on tlie work to date on foundation explorations, concrete 
aggregate quarry investigations, and on cofferdam and construction plant layout 
for the Douglas Dam. 

Since the weather was unfavorable for a field inspection by automobiles, some 
time was spent on a study of TVA Report No. 0-134-6, which had been furnished 
the consultants previously, and in discussing with members of the Chief Engi- 
neer’s staff various features of the three projects under consideration. The 
party left Knoxville at 2: 55 p. m. via Southern Railway for Johnson City, Tenn., 
and spent the night there. 

On Wednesday, accompanied by the chief engineer and members of his staff, 
the consultants continued by automobile and inspected the dam sites and borrow 
areas of both the Watauga project and the South Holston project, and examined 
the cores from one hole at the Watauga Dam site and from a large number of 
holes at the South Holston Dam site. On the return trip to Knoxville the con- 
sultants stopped at the Douglas Dam site and saw the work in progress there, 
including the earth and rock excavation into the right abutment, and examined 
a large number of cores. 

On Thursday and Friday the consultants resumed discussion and heard more 
detailed reports on the geological and foundation conditions at the 'Douglas Dam 
and on the borrow pit materials and embankment design methods on the Watauga 
and South Holston Dams. 

The consultants’ discussions and answers to the questions furnished for their 
consideration follow in the order of the listing in TVA Report No. 0-134-6 men- 
tioned above. 

Question 1: Does the proposed site provide in general a safe and dependable 
foundation? 

In arriving at an understanding of this site the members of the consulting 
board have had not only the exploratory data gathered from borings and field 
studies made by the regular staff but also the advantage of a field inspection of 
the ground and boring samples under the guidance of the men in charge. In this 
manner the consultants have satisfied themselves of the local geological condi- 
tions, which they are convinced are sufficiently well determined to warrant a 
favorable answer to this question. 

The rock floor both beneath the principal section under the river and in the 
immediate abutments is a gently dipping massive Kpox dolomite, a well-known 
formation of usually satisfactory character, affected in this instance chiefly by 
the normal processes of weathering. This ha^ deveioped a thjn mantle of resi- 
duary soil, over a pinnacled rpck surface, and pccasloual solution cavltips and 

383 



384 


THE DOUGLAS PROJECT 


decay effects, which for the most part start at the surface of the flo<u* and extend 
downward chiefly along bedding planes to no great depth. A geological section, 
therefore, shows a saw-tooth sort of profile. These effects on the main founda- 
tion area, as indicated directly by borings data, do not interfere greatly with the 
general stability or average strength of the foundation; but they do indicate 
the necessity of variable amounts of excavation to remove the most affected 
uppermost portion down to sound rock for seating the dam. Despite variations 
of rock character and other minor features, no unusual or dangerous conditions 
exist, and whatever weaknesses of smaller size and deeper extension remain can 
without doubt be successfully treated. 

In reaching this conclusion w’e do not overlook the fact that somewhat greater 
complexity is evident at each end of the clam. Out on the right abutment there 
is evidence in the so-called “breathing’' of certain holes (hut cavernous condi- 
tions are more pronounced there, but it is beyond the main dam structure apd 
introduces no suspicion of the stability of the formation. The water table also 
is low and may indicate greater solution and permeability than elsewhere and 
may require more extensive treatment. These conditions, of course, deserve and 
will be given further flleld study. 

Out on the left abutment two structural changes have been encountered — first, 
a deformed condition shown by disturbed bedding in a zone that is believed by the 
local geologists to indicate faulting ; and next, an abrupt change in rock forma- 
tion from the dolomite to a series of shales. This contact is marked also hy dis- 
placement. The formation from this point on is made up of different varieties 
of shale members which are of practical significance chiefly at the saddles along 
the west boundary of the reservoir. 

It is appreciated by all concerned that these two features may have greater 
practical importance than has appeared thus far and for this reason are to 
be investigated further. There Is no reason, however, to regard their present 
problematic character with suspicion as affecting the conclusions al3?eady ex- 
pressed that the site as a whole is acceptable geologically and tliat a safe and 
dependable structure such as is inroposed can be built on this site. 

Question 2: Will a concrete dam constructed in accordance ivitli 'present design 1)6 
stable? 

In general, the proposed design for Douglas is planned to be similar to the design 
for the concrete portion of the Cherokee Dam. 

The maximum height of Douglas Dam above river bed will be about 155 feet 
compared with 180 feet for Cherokee, and the spillway will be longer. The spill- 
way gates will be duplicates of those at Clierokee, but to accommodate the larger 
drainage area there will be eleven 32- by 40-foot taintor gates at Douglas as 
compared to nine gates of the same .size at Cherokee. 

It is planned to provide a grout curtain under the heel of the dam with a line 
of foundation drain holes a short distance downstream from this curtain. 

We conclude that the Douglas concrete dam constructed in accordance Avith 
the planned design will be stable. 

C. P. Berket, 

O. N. Plovd, 

D. C. GLteNN, 

W. H. McAlpine, 

W. P. Prouty, 

• W. F. Uhl. 


E’oxjndation Treatment Program 
June 18, 1642 

The undersigned consultants assembled at Knoxville on Monday, June 15, 1942, 
and after having the general purpose and scope of the meeting stated by the chief 
engineer we were given copies of TVA Report No. 0-134-T, which contained 
progress and other information regarding the projects under consideration. 

After a brief discussion, we, accompanied by the .chief engineer and members 
of his staff, left for the Douglas Dam site by automobile. We made an inspection 
of the work in .progress, giving specir" mdatlon conditions 

at the abutments and the un watered i ■■ i« d. We also visited 

saddle. dam No. 1 and the drainage f.; ■ ■■ . ■ : . ■ .:er construction just 

downstream from the saddle clam. ^ - - '.s is itself is well along 

toward completion. 
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We returned to lOioxville during the afternoon and discussed the work in 
progress at Douglas and the construction and foundation treatment program 
outlined in TVA Report No. 0-134-7. 

The chief engineer asked us to answer the following question : 

Question, 1: Is the foundation, tneatnient pT0ff7'(iin, outlined in this report and now 
heing folloioed, satisfactory f 

SWbsurface conditions.— OeneTally, the exploration and excavation completed 
to date at the site of the concrete dam indicate that, in the the river channel, the 
top 20 to 40 feet of rock is so hadly weathered as to require removal in order to 
reach an adequate foundation. The strike of the steeply dipping bedding planes 
is closely parallel to the river flow and much of the weathering is along the 
bedding planes. As a result the top of the sound rock has a saw-tooth profile. 
Below the badly weathered rock, which is to he taken out, the rock appears to be 
fairly free from large cavities or extensive weathered areas. 

In the right abutment from a point beyond the end of the concrete dam and 
cut-off to block 5 a large ramifying cavity has been found, and explored, about 
40 feet below the bottom of the foundation excavation. 

The left abutment is sound rock as far as excavated for the river diversion 
channel but .lust south of this excavated face at station 19+00, or at block 33, 
a deep weathered zone or fault exists extending down to at least elevation 810 
or about 60 feet below the river bed. Immediately south of this an open cavity of 
considerable extent has been found. 

Proposed treatment . — ^In the right abutment the portions of the cavern under- 
neath the concrete dam and the concrete cut-off wall have been mined out from 
36-inch holes and filled with concrete. This is to he followed by pressure grouting. 

Under the concrete dam and spillway, consolidation grouting will be done on a 
pattern of holes spaced 20 feet center to center each way drilled from 30 to 40 
feet deep below tbe final foundation excavation. Check holes will be drilled in 
between these as the take of grout indicates the need for additional treatment. 

The grout curtain cut-off under the heel of the dam will first be grouted through 
holes 40 feet deep with initial spacing of 24 feet reduced in stages to a maximum 
of 6 feet. This curtain will then be extended down to a depth of 100 feet with 
holes spaced 18 feet apart. A few test holes as deep as 200 feet will be drilled and 
grouted to determine if the grout curtain needs to be extended deeper than 100 
feet. Insofar as practicable, it is planned to place the grout curtain to the 40-foot 
depth in advance of placing the concrete. The deeper curtain grouting is to be 
done after the concrete in the region of the grouting is at least 40 feet high and 
generally the drilling and grouting will be done through the sloping concrete heel. 

South of the sound rock bluff at the diversion channel in the left abutment 
full plans for treatment have not been developed, but generally the weathered rock 
and caverns will be excavated or mined out, filled with concrete under the dam 
and cut-off and later followed with pressure grouting. 

At saddle dam No. 1, a cut-off has been made along the center line into the 
shale as deep as practicable without blasting, and grouting along this line has been 
done through holes 25 feet apart and extending down to about river elevation. 
The grout take in a few of these holes was considerable, but the core loss was 
negligible with no indication of cavities. 

The left ridge between saddle dams will be tested with holes and grouting 
where the horizontal distance through the ridge is less than 500 feet at the 
reservoir water level. 

The general foundation treatment plan for Douglas Dam appears to give a 
minimum coverage sufficient to contact the typical weathered areas and tlie 
present practice of developing, by additional drilling and grouting other areas 
requiring more extensive treatment, should result in a satisfactory foundation and 
cut-off. 

It may be questioned whether the maximum spacing of 18 feet as proposed 
for the deep high-pressure holes in the grout curtain under the spillway will 
provide a sufficiently tight curtain. We recommend that the effectiveness of 
the 18-foot spacing be tested by intermediate holes at various points in tbe grout 
curtain. 

On the left abutment where deep weathering has been revealed at about block 
• 33 (18+75 to 19+25) deeper surface excavation will be necessary before the 
extent of the weathering and suspected probable faulting can be determined. 
If a narrow block has been dropped between two parallel fault planes, forming, 
a graben, crushing and weathering may have so cooperated as to require deep 
excavation and extensive cut-off treatment, the plans for which may need to 
be modified as the excavation progresses. 
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The reason for the unexpectedly large grout take in the compact black shales 
beneath the saddle dam in the left abutment ridge is not apparent. It is not, 
however, believed that these shales contain cavities of any serious importance. ‘ 

0. P, Bebket, 

O. N. Flovu, 

L. 0. Gijsnn, 

W. H. McAupine, 
W. F, Pboutt, 

J. L. Savage, 

W. F, Uhl. 


Foundation Conditions, and Foundation Treatment 
October 8, 1942 

On Wednesday morning, October 7, the undersigned consultants, accompanied 
by the chief engineer and members of his staff, made an inspection of the 
work in progress at Douglas Dam, giving special attention to foundation condi- 
tions and foundation treatment for the permanent structures and the proposed 
treatment of the cavity in the south abutment and the reservoir rim beyond this 
cavity. 

This inspection was followed hy a conference in the field ofldce where the 
foundation treatment already carried out was explained and the treatment of 
the south abutment was discussed. 

We i*e turned to Knoxville in the afternoon and discussed the work in progress 
and reviewed the data on this project contained in TVA Report No. 0-134^8. 

The several questions presented in the office memorandum as related to the 
Douglas project are essentially of engineering character, but in each case take 
• on their special significance from the physical condition of the foundation rock. 
It seems advisable, therefore, to introduce the discussion of those matters with 
a brief review of the local geological features as now developed. 

The fo\mdation . — Continued exploratory investigations, together with extensive 
excavation and. other steps related to construction, have greatly clarified the 
picture of local rock structure, due to regional deformation, and also its con- 
dition, due chiefly to solution and weathering. At this stage, therefore, it is 
believed that virtually all features of direct practical significance either have 
been fully proven or can be reasonably inferred from this well-executed work. 

As was pointed out in the June memorandum of this Board and as excavation 
connected with construction has fully proven, the major rock weaknesses and 
associated circulation of ground water beneath the river channel are largely 
limited to an upper zone. At deeper levels the natural rock formation is essen- 
tially sound with only occasional and minor features of this character. It has 
been practicable, therefore, as expected, to continue construction development 
by removing the floor rock beneath the dam and powexffiouse to a level that is of 
satisfactory strength and stability to carry these structures. This leaves to 
grouting treatment the remaining deeper seams and other imperfections of the 
rock floor, such as bedding planes, joints, deformation fractures, and associated 
solution effects. There is no doubt hut that treatment can be devised to accom- 
plish both major objectives — that of consolidation and of ground-water control 
in the floor beneath. Successful foundation, therefore, is assured. Construction 
is adjusted to these natural conditions, and no other elements of weakness or 
troublesome afterbehavior hare been discovered. 

Left abutment . — ^As was known from earlier exploratory work, the fine massive 
wall of almost perfectly bedded dolomitlc rock that forms the left abutment is 
not continuous in that condition. Within a short distance deformation structures 
in the form of sheeted rock, gapping joints, slips, fault zones, and at least one 
displaced graben-like fault block are all exposed in the excavations now in 
progress. And in one case, following a strong bedding structure doubtless dis- 
turbed somewhat by deformation, a cavernous condition and associated solution 
effects with residuary alternation products show marked development and is 
being mined out along the line of the dam for cut-off purposes. It is known, 
however, • that its lower southerly extension closes down to small dimensions in 
that direction. This structure which owes its present importance to its caver- 
nous and softened condition is especially strongly developed near the fault zones 
of the abutment already noted. One cross channel encountered in tunneling 
near that end was found to be essentially clear of residuary debris indicating, 
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it is believed, that ground water must have moved parallel to the course of the 
rim along this channel rather freely. At the crossing of this channel with the 
course of the tunnel a sizable cavernous enlargement was encountered. This, 
however, is the only important open cross structure thus far discovered. 

It is evident that these conditions, despite the depth reached and despite the 
masses of sound rock both above and below the seam, will require some kind 
of special treatment designed to check the flow of water which it appears will’ 
have full pressure of the reservoir back of it. Although other structures of the 
immediate vicinity, such as the fault zone, are much larger geological features, 
the one that seems to present the more difficult treatment problems is this 
cavernous bedding seam of the left abutment. 

^ South rim saddles. — Several depressions requiring low dams along the narrow 
rim, cJosing the reservoir beyond the left abutment, continue to attract ex- 
ploratory attention. No. 1, nearest the river, has been filled and treated already 
and is believed to have met the local condition successfully. 

The gaps on this side of the reservoir are all situated on the shale formation 
and on that account do not present the troublesome solution features characteriz- 
ing the carbonate rocks. To that extent, therefore, all of these sites ought to 
offer comparatively satisfactory structural underground conditions. Even the 
exposed ledges are not as deeply affected as the other formations, although 
weathering has attacked them all and deformation has accomplished much in- 
ternal readjustment. Borings where made have shown in general sound rock. 

On the whole the geological conditions are favorable. Therefore, ordinary 
construction precautions and treatment ought to prove effective In this whole 
series, and some of the sites may not require much special attention. 

The north rim. — ^Up-to-date returns from exploration show that the rock floor 
beyond the end of the mined-out cavity under that end of the dam develops a 
depression and that a possible sink cavern may have been encountered. Also 
the three borings nearest the end of the dam seem to show solution effects in 
line, suggesting that they may belong to a bedding plane dipping toward the 
river at a depth of 40 feet or so below pool level. 

These features are all consistent with the known structure of the rock for- 
mation on that side. No especially disturbing features seem to be indicated by 
the explorations thus far, but it appears that those nearest to the dam warrant 
treatment designed to close such channels of circulation as may follow them. 

On the whole, the north rim does not appear to present large difficulty but ex- 
ploratory work should be continued. 

Question 1: Are the plans and proposed methods for installing a concrete 'barrier 
in the left abutment cavity to the approximate station 23 -{-7 5 and for grouting 
that cavity beyond that station adequate? 

This cavity begins at the end of the open excavation at approximately station 
20-i-00. It extends down the dip and has been mined out for a distance of about 
280 feet. The height of the cavity runs from S feet near the entrance to 20 feet 
maximum at station 21-}-20, with most of it about 7 feet high between bedding 
Joints. The floor generally is a smooth bedding plane, but the roof at several 
places is irregular from weathering. The average width of the channel mined 
out is about 20 feet but wide enough at all points to build the proposed concrete 
seal with work room on each side for stripping forms, calking between the roof 
and the top edges of the concrete plug and performing the necessary grouting 
operations between the roof and the concrete plug and observations for grout 
leaks. 

No attempt was made to clean out the cavity for its full width, which is 
doubtless most too great for such treatment. Near station 21+20 a rather 
large cross cavity was found, approximately along the strike and open enough 
to walk in for more than 100 feet on each side of the main cavern. A second 
similar cavern was found at station 23+40 except it Is smaller and largely filled 
with clay and was wet enough to require pumping. At other points where the 
sides of the main cavern were uncovered, there appeared to be smaller strike or 
dip joint channels leading off. 

The concrete seal or wall is to be keyed into the rock floor and designed so 
that the shear on the base does not exceed 30 pounds per square Inch with full 
hydrostatic head from the reservoir against the seal. After the concrete has 
had time to cool and shrink, the joint between the roof and the top of the con- 
crete will be grouted. Suitable grout pipe, inlets, V-troughs, etc.,_ will he in- 
stalled as the concrete is placed, and the outer edges of this contact joint will be 
caulked after the concrete has set. 



388 THE DOUGLAS PEOJECT 

After the concrete s?eal has been placed and the top contact joint grouted we 
recommend that the remaining unfilled cavity immediately upstream from 
the concrete seal be filled with clay through holes from the ground surface. 

The diamond-drill holes beyond station 23+75 indicate that this cavern pinches 
clown to less than a foot in height and after exploring this area further with 
diamond-drill holes, it should be washed and grouted with cement and clay 
grout. 

It is our opinion that the treatment briefly described above and outlined more 
in detail in the TVA Report No. 0-13-1^8 of October 5, 1942, and on drawing 21DS 
203-1 in that report will be adequate. 

We recommend that concrete wings be provided on each side of the main con- 
crete seal near its south end to avoid the loss of grout up along the sides of this 
concrete seal while grouting from the seal on south and also to prevent any 
seepage that may reach the upstream face of the concrete seal from finding a 
short passage around the south end of the seal. These wings should be right- 
angle extensions of the main seal into sound rock on each side of the main 
cavern. 

Question 2: Are tJiemetJiods outlined for foundation treatment of the foundation 
for the permanent structurea satisfactory? 

Foundation treatment for the permanent structures includes removal of the 
broken, dissolved, and badly weathered rock and the treatment of the more 
suitable rock by consolidation and curtain grouting. 

As far as the main river structure which has so far been largely built is con- 


cerned, the trea'-! ■ ■ ' ! ” --lanned and outlined in our report of June 18, 

1942, has been : difiSeulty, except for the excessive inflow of 


water into the cofferdam area. This includes the north abutment, the intake 
and powerhouse, and a short section of the spillway (blocks 1 to 19, inclusive). 

We consider the methods outlined for foundation treatment and now in use 
entirely satisfactory. 


Question 3: Is the outlined program for the exploration and grouting far the 
south side saddle dams and reservoir rim sufficient? ^¥ill a similar pro- 
gram he sufficient for the north reservoir rim adjacent to the dam, for a 
distance of 500 feet and up to elevation 10809 

It is planned to drill and grout the south reservoir rim between the end of the 
dam and saddle dam No, 1, also the shale rim to the south where the rim thickness 
at reservoir level is 300 feet or less. 

First-stage grouting with cement at 100-foot centers with intermediate grout- 
ing at 50-foot centers is planned and is now in progress. This grouting program 
is considered to be sufficient for the south rim, unless further drilling indicates 
the need for closer spacing. 

Exploratory drilling so far carried out in the north rim of the reservoir beyond 
the north abutment core wall has disclosed a number at cavities below reservoir 
level in the first 300 to 400 feet from the core wall. The bore holes indicate 
cavities from a fraction of a foot in depth to cavities from 3 to 13 feet deep. 

Additional explorations should be made to determine the extent of these cavi- 
ties so that a method of treatment may be worked out. 

The north rim adjacent to the abutment rises rapidly making treatment of 
these cavities, which are 100 feet or more below the surface, very difficult except 
by drilling and grouting. 

If the cavities are found by additional explorations to be limited in extent, 
drilling and grouting as proposed for the South rim may prove satisfactory. 
However, closer spacing of grout holes will undoirbtedly be necessary. If the 
disclosed cavities are found to be extensive, mining methods through deep calyx 
drill holes may have to be adopted. 

C. P. Beekey, 

O. N. Floyd, 

L. C. Glenn, 

* W. H. McAlpine, 

W. F. Psouty, 

J. L. Savaoe, 

W. F. Uhl. 
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Foundation Tkeatment and Leakage Conditions 
July 22, 1943 

Copies of TVA Report No. M 34-10 were furnislieci the consultants upon their 
arrival Monday morning, July 19, which contains a revieW and records of founda- 
tion treatment and amounts of leakage through the main dam and saddle dams 
as well as data concerning reservoir filling, starting of the plant, and present 
progress on the erection of the second unit. 

On Monday afternoon, July 10, the consultants, accompanied hy O. E. Blee, 
Chief Engineer, and members of liis staff, visited Douglas Dam and made an 
inspection of the completed dam, power plant, and the saddle dams, including 
the backwater protection work at Dandridge. 

The chief engineer asked the consultants the following question : 

“Do the records of foundation treatment and amounts of leakage through, the 
main dam and saddle dams, together with your general inspection of the struc- 
tures, indicate that Douglas Dam, as finally completed, has been satisfactorily 
constructed?” 

Since the consultants’ last visit all major construction work has been com- 
pleted and the reservoir has been filled to about elevation 998 (full reservoir 
elevation is 1002). 

The report above referred to gives at some length the details of foundation 
excavation and treatment adopted to meet conditions encountered in the badly 
weathered rock underneath the concrete dam, tlie mud-filled solution cavities 
and cave-like channel on the. south abutment, the solution encountered on the 
north abutment and rim, and the leakage conditions in the several saddle dam 
areas. 

The consultants were impressed with the apparently vsmall amount of leakage, 
the excellent appearance of the various structures, and the fact that the dam 
was completed, with all of its difficult foundation conditions, on schedule time. 

From the details of the treatment adopted for all of these problems as given 
in the report and from the visual inspection of the structures made on the ground 
hy the Board, we believe that Douglas Dam has been satisfactorily constructed. 
The backwater protection work at Dandridge appears adequate to solve the 
problem of providing the necessary drainage and has certainly greatly improved 
the appearance of that portion of the town. 

O. N. FnoTn, 

L. G. Guenn, 

W. H. McAipine, 
W. F. Peouty, 

J. D. Savage, 

W. F. Uhl. 
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Appendix C 

SPECIAL STUDIES 


Tlie TVA conducted special studies and tests in connection witli the design 
and construction of the Douglas project. Hydraulic model studies were made 
in order to develop and verify the design of the spillway apron and water pas- 
sages. Schedules were determined for spillway and sluice operation causing 
the least possible amount of erosion below the apron. 

HYDRAULIC MODEL TESTS 

The designs of the principal features of all major projects constructed by the 
TVA have been verified prior to construction by accurate tests on small scale 
models. These models have facilitated the development of structures for which 
mathematical analysis could not he accomplished accurately. The tests often 
indicate revisions in design that result in more efficient performance or more 
economical construction. All model tests for the Douglas project were made in 
the hydraulic laboratory at Norris, Tenn. 

Development of spillway apron 

The design for Douglas Dam utilized, insofar as possible, the previously tested 
design for Cherokee Dam. The original plan was to use the Cherokee apron and 
sluice design, and the first tests were made on this basis. As the rock excavation 
for the apron progressed it became evident that changes in the apron shape would 
be necessary and additional tests were made. No changes were found necessary 
in the sluice design. 

Description of model . — The first tests of the apron design and of the operation 
of the project as a whole were studied on a 1 : 70 scale model which included the 
spillway, the powerhouse, and 3,000 feet of topography below the dam. The 11 
spillway bays were built and fitted with crest gates designed to operate uniformly. 



Figure 151. — Layout of original 1:7,0 scale model, using Cherokee-type apron, 
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. SECTION B-B 

Figure 152 . — Model layout and details adopted. 


Eight sluices were placed ia the spillway section. The model for the final tests 
was'siinilaj:, except that the length of the river reach below the dam was reduced 
to about 1,300 feet, and the necessary changes in the apron design were made to 
correspond to the data received from the field. Figure 151 shows the layout 
for the early model and figure 152 the layout for the later model. The experi- 
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mental data on erosion below tbe apron were obtained by making surveys over 
tlie movable bed and by photographs and visual observations. 

The model tests were conducted with the aim of providing good operating con- 
ditions with a minimum of erosion for all discharges up to 100,000 cubic feet ijer 
second. It was also necessary that the safety of the dam be assured for higher 
discharges. It was considered that some damage might be allowed to occur at 
higher discharges because of their relative infrequency. The probable maximum 
discharge of the French Broad River at the dam, site wms estimated at 330,000 
cubic feet per second. It was assumed that all prototype spillway gates would 
he operated uniformly. Accordingly, tests were made for only one tailwater 
elevation for each spillway gate opening. 

Tests on Oherokee-tupe apron . — The original model utilized the Cherokee apron 
design and left bank training wall. Tests were made to determine the best design 
for the powerhouse training wall and the necessity for changes in the apron to 
reduce erosion below the sill. 

A test utilizing the Cherokee powerhouse training wall design with a spillway 
discharge of 300,000 cubic feet per second showed heavy erosion on the right 
hank side directly downstream from the training wall. Two schemes were tried 
in order to obtain a reduction in this erosion. 

In tile first scheme, the apron adjacent to the training wall was extended out to 
the end of the wall. Two types of extension were tested : one with a sill running 
at an angle of 45 degrees from the end of the training wall back to the original 
sill ; the other with a sill running parallel to the original sill for 50 feet from 
the end of the wall and then angling back at 45 degrees to the original sill. In 
figure 153, aprons C and D illustrate the first type of extension and aprons E 
and P the second. 

In the second scheme the length and height of the training wall were reduced. 
Best results from the tests on both schemes were obtained with a wall at ele- 
vation 900, cut off square with the downstream end of the ai>ron and with no 
apron extensions. This design is shown as apron H in figure 153. For a dis- 
charge of 300,000 cubic feet per second, tbe erosion at the structure was smaller 
and the over-all erosion pattern was less severe than for any of the other aprons 
tested. There was no erosion with this apron for a spillway discharge of 100,000 
cubic feet per second. 

Tests on revised apron 

As the rock excavation for the apron progressed in the field it became evident 
that changes in the apron shape would be necessary to fit^ existing foundation 
conditions at the dam. The situation on the right side of the river made it es- 
sential that this portion of the apron be lowered considerably, requiring also a 
change in the shape of the bucket near the sluice outlets. Construction, design, 
and model testing were in x3rogress simultaneously and changes were incorporated 
in the model as rapidly as data were received from the field. Consequently, 
many tests were made on aprons which, as a result of further rock excavations, 
were found to be no longer feasible. 

The apron finally adopted is shown in figure 152, together with a layout 
of the model. The left portion was the same as the originally tested Cherokee- 
type apron with some minor i*evisions. Major changes were made on the right 
portion of the apron. It was also necessary to revise the bucket and the down- 
stream portion of the sluice outlets on the right side of the apron and the 
footing for the powerhouse training wall. 

Erosion at ends of spillway 

This description -of the erosion tests will he limited to those for the finally 
adopted apron. For these tests the river bed bel^w the left portion of the 
apron was molded level 1 foot below Ifhe top of the sill. Below the right portion 
the bed was molded to* a 1 on 7 slope from 1 foot below the top of the sill to river- 
bed elevation. 

The adopted apron gave satisfactory operation at all discharges for sluices 
and spillway. With all sluices operating there was very little erosion and the 
flow conditions on the apron were satisfactory. With all spillway gates open 
uniformly the operation of the apron was very uniform, and there was only 
a negligible amount of erosion fon discharges up to 100,000 cubic feet per second. 
For a discharge of 120,000 cubic feet per second over the spillway and 30,000 
cubic feet per second through the sluices a moderate amount of erosion occurred 
quite generally over the river bed below tlie end sill of the apron, reaching 
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Figure 153 . — Right training wall and apron arrangements tested. 


a minimum elevation of 843 about 25 feet downstream from tbe sill in tbe 
vicinity of tbe powerhouse training wall. This erosion was not considered 
excessive. 

For the maximum discharge of 300,000 cubic feet per second over the spillway 
plus 30,000 cubic feet per second through the sluices the erosion was quite general, 
reaching a minimum elevation of 880 at the corner of the powerhouse training 
wall. A deposit of eroded material as much as 12 feet deep covered the left 
half of the apron downstream from the main sill. 

For structural reasons it was found necessary to place a footing under the 
powerhouse retaining wall, extending out onto a portion of the apron at elevation 
845. Tests showed that this footing had no measurable effect on the erosion. 
Figures 154 and 155 show the erosion observed with discharges of 150,000 and 
330,000 cubic feet per second, respectively. 

Water-surface prbfiles 

A water-surface profile was determined along the powerhouse training wall 
for a combined sluice andi spillway discharge of 150,000 cubic feet per second. 
Profiles determined in the original tests for design of the left training wall were 
applicable since only minor changes were made on the left side of the apron. For 
a total discharge of 830,000 cubic feet per second, an unbalanced load on the 
powerhouse training wall was caused by the water surface on the apron being 
depressed considerably below tailwater elevation due to the hydraulic jump 
on the apron. 

Wave heights 

Turbulent operation on the apron produces waves in the river channel below. 
Khowledge of the height and frequency of these waves is useful in the design 
of riprap protection for the river banks. Wave heights were measured on the 
model by placing a small staff gage at the desired locations and photographing 





SPECIAL STUDIES 


395 


the motion of the water surface with a motion-picture camera. The film was 
examined, frame by frame, and water-surface elevations* were plotted against 
time in terms of prototype dimensions. The model layout in figure 151 shows 
the location of the wave stations. 

Gate-operating restrictions 

Random or unsymmetrieal operation of the surface or spillway gates may result 
in a concentration of flow and serious scour. Tests were made on the model to 
determine the proper sequence of operation for both the spillway and the sluice 
gates. 

The sluice gates were numbered from the powerhouse and were assumed to be 
operated either wide open or closed. The spillway gates were numbered sim- 
ilarly and were assumed to be operated uniformly. The sluice gates were found 
to give best flow conditions if they were opened In the order 7, 2, 4, 5, 8, 1, 3, and 
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Figure 154 . — Erosion below spillway for discharge of 150,000 cubic feet per second. 



Figure 155 . — Erosion below spillway for discharge of 330,000 cubic feet per second. 
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6. This order reduces the flow across the apron from the high to the low side and 
prevents the formation* of an eddy in the center of the apron. The best opening 
sequence for the spillway gates was 9, 3, 5, 7, 11, 1, 10, 2, 8, 4, and 6, , It was 
assumed that the maximum difference between gate openings would be limited 
to 4 f eet- 

UPLIFT AND DRAINAGE 

Certain observations on the performance of Douglas Dam have been conducted 
at regular intervals since the construction was completed and the reservoir filled 
in 1943. These observations have been less comprehensive than those made on 
other structures of the TVA, but since they are now available for a period of 5 
years, it appears worth while to present a statement of , results. These results 
are summarized in the following paragraphs and illustrated in figures 156 and 
157. 

Foundation uplift 

When the dam was eonstructecl, the necessary arrangements were made for 
measuring the intensity of uplift in the foundation contact area for three blocks 
of the concrete dam. The plan pursued was similar to that followed in a number 
of other TVA dams. A series of observation points was established on a line 
transverse to the dam axis and located at about the center of the block being 
tested. At each point, a hole was drilled about 3 feet into the foundation rock. 
This hole was covered with a wooden box filled with gravel. From the box, 
a pipe was laid following the foundation rock surface to a point beneath the 
drainage gallei’y of the dam. From this point, a vertical pipe leads to the gal- 
lery. In the gallery the end of the pipe was covered with a cap tapped for a 
simple valve cock. If the intensity of pressure in the vicinity of the observa- 
tion point was sufficient to produce a flow into the gallery, this pressure could 
be determined by the use of a pressure gage screwed Into the valve cock. If the 
pressure was insufiicient for this kind of measurement, it could still he deter- 
mined by sounding in the vertical pipe, which in this case acted as a piezometer. 
Figure 157 presents the condensation of a number of sets of observations. The line 
at the top of each diagram represents an average elevation of the foundation con- 
tact. Since the observations were made at different times and at different 
reservoir levels, they have been reduced to a common percentage basis, using the 
total height between headwater and foundation as 100 percent. The designated 
control point is the floor of the drainage gallery, where no greater uplift pressure 
can exist than that determined by the outlets into the gallery at this point. 

The lines designated as “calculated median” are the mean of about half a 
dozen selected mGasurements in the period from 1943 to 1948. In comparison, the 
most recent measuremezit, made April 30, 1948, is shown by itself as representing 
the most recent single observation. The diagrams also show the intensity of 
uplift pressure assumed for the design of the dam. 

For block No. 11 the median line and the most recent line are almost coinci- 
dent, showing a condition of great stability. In block No. 14 there has been at 
various times in the past a considerable pressure at' point No. 5, which in one 
Instance practically reached the assumed design line. This excess pressure has, 
however, apparently disappeared. The following explanation is given : The dam 
is underlaid by a massive formation of dolomite in which numerous joints and 
other openings occurred. As explained in the construction chapter, these were 
a source of many difficulties in the construction of the dam. However, the exca- 
vation, foundation treatment, and cut-off grouting were all carried to such a 
point that the foundation was considered reasonably tight. The soundness of 
this conclusion is evidenced by figure 156, showing the total drainage. It 
appeared, so far as block No. 14 was concerned, that some minor channel 
existed which was not stopped by the grout curtain and that this channel 
communicated with observation point No. 5. This channel now appeal’s to be 
stopped by sediment or deposits so that the reading of April 30, 1948, appears to 
have the normal pattern and to he free from the effect of any such open passage. 

A similar performance, but to a less degree, was noted in block No. 21. The 
general conclusion may be made from these observations that Intensity of 
foundation uplift in the period of 5 years since construction has gradually 
diminished and has always been well below the design assumption. 

Drainage measurements 

Figure 156 presents a record of the total flow into the drainage gallery, which 
extends the full length of the concrete dam and is quite variable in elevation. 
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Figure 156. — Foundation drain-hole discharges. 
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This drainage is collected and conducted to the powerhouse sunix3 under normal 
conditions. Just before entering the connection to the sump, the drainage is 
measured by V-notch weirs, and this flow is plotted on the figure as the “total 
gallery discharge.” The line designated “total foundation drainage” represents 
the sum of individual measurements made on the foundation drainage wells. 
The area between the two lines represents water passing through the concrete 
structure and entering the drainage gallery. This water may enter through 
contraction joints where it would have to bypass metal seals; it may enter 
through- the drainage wells provided in the structure itself above the gallery or 
it may enter through pores and cracks in the concrete itself. Visual observation 
has shown leakage to occur in all three of these categories. 

The first part of the record, which covers somewhat over 3 years, shows a 
number of variations in the curves which are not in evidence in the later obser- 
vations. This difference arises from the fact that the obseiwations were first 
made at weekly intervals. Gradually this period was lengthened so that 
for the past 2 years they have only been made at monthly intervals. In fact, 
the detailed measurements of the foundation drain wells have been made on only 
a monthly basis since JanuaiT 1944. 

Two facts are evident from this record. Aside from the general observation 
that the foundation drainage has never exceeded the rather moderate figure of 
60 gallons per minute, this quantity has been gradually reducing. It is definitely 
less now than in 1943 and 1944, even if the measured dischai’ges be adjusted to the 
full reservoir condition. 

The concrete seepage or leakage, which was nearly 30 gallons per minute in 
April 1944, has also materially reduced. It appears that some pores or openings 
may have been stopped by sediment, or that autogenous healing of cracks may be 
responsible for this reduction. Swelling of submerged concrete may he responsible 
for the reduction of flow through contraction joints. 

It is highly significant that the reduction of flow shown in figure 156 has not 
been accompanied by any increase in the foundation uplift pressure, which in 
fact has actually tended to diminish during the same period. These observations 
are believed to reflect a highly satisfactory condition of the dam so far as these 
two features are concerned. 
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The cliart shown in figure 158 represents the organization of the Tennessee 
Valley Authority during the construction period of the Douglas project. Follow- 
ing the outline of this chart a limited list of key personnel is given, including those 
whose responsibility placed them in policy-making positions, insofar as those posi- 
tions affected the Douglas project along with other TVA projects during the same 
period. A more extensive list of supervisory personnel is given, particularly 
covering the Division of Water Control in the River Channel, which includes 
actual engineering and construction personnel of the Douglas job. Various 
changes in the organizational structure occurred during the construction period, 
and the arrangement shown is considered to he the most representative. It is 
regretted that space does not permit the listing of all persons who were identified 
with the project. 

BOARD OF DIRECTORS 


Harcourt A. Morgan 
Vice Chairman 


David E. Lilienthal 
Chairman 


James P. Pope 
Director 


General Counsel 
William C. Fitts, Jr. 

General Manager 
Gordon R. Clapp 

Budget Office Information Office 

Paul W. Ager W. L. Stnrdevant 


PERSONNEL 


CLASSIFICATION 
(PerHonnel services stalf, 
after December 1942) 

Carl L. Richey, 
until February 1943 

Clement J. Sobotka, 
after February 1943 


George F. Gant, Director 
Harry L. Case, Assistant to 
Director, after July 1942 
PERSONNEL 

relations 
E. B. Shultz 
employment 

(Office of the chief person- 
nel officer, after Decem- 
ber 1942) 

George Slover 

AREA FIELD OFFICE 
Coy E. Fulton 


TRAINING 

Malcolm G. Little, 
until August 1943 

Wm. J. McGlothlin, 
after August 1943 


FINANCE 


TREASURER 
H. K. Robinson 
PROCEDURES 
W. H. Raudenbush 


E. Arnold Sunstrom, Comptroller 
Jerry F. Stone, Assistant 
Glenn P. Smith, Assistant 
AUDITING 
A, J. Robertson 
QENTRAL ACCOUNTING 
W. A. Jensen 


CONSTRUCTION 

ACCOUNTING 

Paul Fahey 

PROPERTY RECORDS 

W. J. Pollock 
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TENNESSEE VALLEY AUTHORITY 
ORGANIZATION 




Figure 158 . — Organization chart. 
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LEGAL 


William C. Fitts, Jr., General Counsel 

Joseph C. Swidler, until June 1943 H. James Hitching 

Thomas J. Griffin Charles J. McCarthy 

MATERIAI.S 


Charles H. Garity, Director 
John L. Neely, Jr., Assistant, 
until July 1942 

L. B. Rockwell, Assistant to 
the Director, after June 1943 


CONTRACTS 

O. F. Wasmansdorff, 
until July 1942 
R. M. Mills, aftdr July 
1942 

PROCUREMENT 
W. J. Hagan, Jr. 


SPECIFICATIONS 

R. M. Mills, until July 
1942 

A. R. Holbrook, after 
July 1942 

INSPECTION 
P. B. Bruce 

LAND ACQUISITION 

John L Snyder, Director 
E. W. Cowling, Jr., Assistant, 
until March 1943 
R. J. Partain, Assistant to 
the Director ■ 


TRAFFIC (until July 1942) 
TRAFFIC AND EXPEDIT- 
ING (after July 1942) 

L. B.. Rockwell, 
until July 1942 
John L. Neely, Jr., 
after July 1942 


SUPERVISOR OF TITLES 
Leo L. Cole, Jr. 

CHIEF TITLE EXAMINER 
J. R. Perry 


BOARD OF APPRAISAL 
AND REVIEW 

W. D. Blackwell 
J. L. Burdette 
W. E. Sanford 
J. 0. White 


CHIEF LAND BUYER 

L. M. Parrish 

DOUGLAS DIVISION 
CHIEF 

R. J. Coker 


APPRAISAL COMMITTEE CHAIRMAN 
R. A. Jones 


OFFICE SERVICE 

Charles E. Lex, Jr,, Director 

H. F. Gough, Assistant to the Director, after October 1942 


SPACE AND COMMUNICATIONS STAFF 
(ended July 1943) 


OFFICE OPERATIONS DIVISION 

R. M. Jones, Jr., until December 1942 
P. W. Swenson, until July 1943 
R. M. Jones, Jr., after July 1943 

TRANSPORTATION 
George H. Irish 


WATER CONTROL 


J. Gordon Reid, until June 1942 
A. Richardson, until December 1942 
R. M. Jones, Jr., until July 1943 

OFFICE PROCEDURES AND STANDARDS 
STAFF (until July 1943) 

OFFICE MANAGEMENT STAIfF 
(after July 1943) 

C. 0. Libbey 
IN THE RIVER CHANNEL 


Theodore B. Parker, Chief Engineer, until June 1943 
0. E. Blee, Chief Engineer, after June 1943 
R. A. Monroe, Assistant, after June 1943 

Harry Wiersema, Assistant to the Chief Engineer, after May 1942 
GENERAL OFFICE ENGINEER 
(until May 1942) 

Harry Wiersema 

Burgess B. Brier George B, Tomlinson. William A. Chalkley 

Albert B. Wilkinson 
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CHIEF ENGINEER’S OFFICE 
(after May 1942) 


Burgess B. Brier 
Albert B. Wilkinson 

Van Court M. Hare, after 
July 1942 

R. L. Forshay, after Octo- 
ber 1943 

William A. Chalkley, until 
June 1943 


CONSULTANTS 


E, 0. Glenn 

W. H. McAlpine 

J. L. Savage 

C. P. Berkey 

W. P. Prouty 

0. N. Floyd 

W. F. Uhl 


PLANNING 


Sherman M. Woodward, Chief Water Control Planning Engineer, until April 1943 
James S. Bowman, Chief Water Control Planning Engineer, after April 1943 
James S. Bowman, Assistant, until April 1943 

FLOOD STUDIES POWER STUDIES GEOLOGY RIVER CONTROL 

Joseph H. Kimball Dana M. Wood B. O. Moneymaker N. W. Bowden 
E. J. Rutter Reed A. Elliot 

J. K. Turner 

.HYDRAULIC DATA PROJECT PLANNING MAPS AND SURVEYS 


Albert S. Pry W. L. Voorclnin 

Van Court Hare, until Arthur Schweier 

July 1942 G. W. Okey 

G. N. Burrell D. H, Clouser 

D. Charlton D. H. Mattern 

G. H. Hickox B. R. Fuller 

J. Smallshaw E. S. Weed 

J. H. Wilkinson H. L. Southerland 

B. E. Morrlss, until Sep- 
tember 1942 
M, A. Churchill 
Ritchey Hume 
W. P. Clark 
R. W. Gay 

DESIGN 


Ned H. Sayford 

G. D. Whitmore 
R. E. Frierson 

P. F. Meredith, until May 
1942 

J. F. Barksdale 
C. Shaliho 
F. W. Truss 

H. J. Kelly, until June 
1942 

Paul Morris 
C. 0. Miner 
W. B. Jackson 
C. M. Dubois 


George R. Rich, Chief Design Engineer 
W. B. Allen, Assistant 

Tecluiical Staff 


CIVIL ENGINEERING 
Ross M- Riegel 
HIGHWAYS 

Frank W. Webster 
J. E. Moreland, until Au- 
gust 1942 

Erwin Harsch, after Au- 
gust 1942 


ELECTRICAL 

ENGINEERING 

Raymond A. Hopkins 
Richard E. Behnke, until 
March 1943 

0. W. Bohner, after 
March 1943 

HIGHWAY AND RAIL- 
ROAD BRIDGES 

K. O. Roberts, after Au- 
gust 1942 


MECHANICAL 

ENGINEERING 


J. F. Roberts, until Octo- 
ber 1942 

H. J. Petersen, after Oc- 
tober 1942 


RAILROADS 


J. B. Sullivan 
O. Hoebel 


Administration 


W. C. Boop, until December 1942 
B. P. Newman, after December 1942 


Project Staff 


J. C. Nowell, Project Engineer, until February 1943 
M. L. Dickinson, Project Engineer, after February 1943 
F. E. Junior, Project Engineer, Highways and Railroads, after May 1942 
J. P. Kennell, Electrical Engineering 



ARCHITECTURE 

Harry B. Tour 

MECHANICAL 

ENGINEERING 

H. J. Petersen 


DRAFTING SERVICE 

Frank W. Bay, 
until May 1942 
Thomas Benson, 
after May 1942 


PERSOlSnSTEL 

Design Divisions 
CIVIL ENGINEERING 
A. A. Meyer 

STRUCTURAL STEEL 
AND HEAVY EQUIP- 
MENT 

K, C. Roberts 

Service Divisions 

SPECIFICATIONS 
Horace Carpenter 
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ELECTRICAL 

ENGINEERING 

Sven Kraven 

HIGHWAY AND RAIL^ 
ROAD FIELD ENGI- 
NEERING 

E, M. Arnold 


INSPECTION AND TEST- 
ING 

Perry J. Freeman 


CONSTRUCTION 


A. L. Pauls, Chief Construction Engineer 

Douglas Dam Construction 


Lee G-. Warren, Project Manager, until June 1943 

James S. Lewis, Acting Project Manager, after December 1943 

T. F. Taylor, Construction Engineer, until October 1943 

John W. Clarke, Assistant Construction Engineer, until July 1948 


OFFICE ENGINEERING 
Josef 0. Patchen 

BACKWATER PROTEC- 
’ TION 

Fred G. Blackwell 


ELECTRICAL ENGINEER- 
ING 

Edward Woodbury 

MATERIALS TESTING AND 
CONCRETE INSPECTION 

William D. Nowlin 
CONSTRUCTION 


FIELD ENGINEERING 
E. S. Crockett 
R. K. Niece 
W. R. Carpenter 

FOUNDATION TREAT- 
MENT 

P. L. Guthrie 


James S. Lewis, Jr., Construction Superintendent, until December 1943 

J. L, Jones, Assistant, until September 1942 

R. 0. Perkins, Assistant, after September 1942 

Daniel Bowman, General Foreman, until May 1943 

C. L. Drew, General Foreman, until May 1943 

R. D. Plolden, General Labor Foreman 

H. D. Irvin, General Mechanical Foreman, until April 1943 

T. R. Watts, General Steamfitter Foreman 

R. P. King, General Structural Steel Foreman, until August 1943 

E. A. Kelly, General Electrical Foreman, until January 1943 

Carl S. Dress, General Electrical Foreman, after January 1943 - 

G. F. Brandt, General Carpenter Foreman, until June 1943 

L. E. Perew, General Painter Foreman 

ACCOUNTING 

0. A. Nystrom, Project Accountant, until July 1943 

R. L. Grandy, Project Accountant, after July 1943 

J. L. Kiser, Accounting 

V. M. Leach, Costs, until September 1943 

J. C. Bresnalian, Costs, after September 1943 

B. A. Browne, Timekeeping 

M. H. Segrest, Warehouse 
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Construction Plant 

Robert T. Colburn, Construction Plant Engineer 

DESIGN AND BNGINEBKTNG COSTS 

R. E. Martin, Job Plant Engineer G. Homer George, General Cost Engineer 

D. W. Yambert, Mechanical Engineer 
A. F. Hedman, Structural Engineer 
T. S. Whiteliouse, Electrical Engineer, 
until May 1943 

John C. Buchanan, Electrical Engineer, 
after May 1943 

Construction and Maintenance 

(Miscellaneous Construction) 

Thomas D. Lebby 

ADMINISTRATIVE AREA SUPERINTENDENT 

Leslie R. Ancill, until May 1943 E. M. Tate 

Reservoir Clearance 
Howard E. Davis 

ADMINISTRATIVE AREA SUPERINTENDENT 

William R. Holden P. E. Brooks 

J. W. Williams 

POWER 

G. O. Wessenauer, Acting Manager 
Merrill DeMerit, Chief Power Engineer 
A, H. Sullivan, General Oltice Engineer 
Llewellyn Evans, Chief Consulting Electrical Engineer 

operations ENGINEERING AND CONSTRUCTION • UTILIZATION 
Charles L. Karr W. W. Woodruft Walton Seymour 

WATER CONTROL ON THE LAND 

Neil Bass, Chief Conservation Engineer 

FORESTRY AGRICULTURE CHEMICAL ENGINEERING 

Willis M. Baker J. C, McAmis A. M. Miller 

REGIONAL STUDIES 

Howard K. Menliinick, Director 
Tracy B. Augur, Assistant to the Director 
ARCHITECTURE GOVERNMENT RESEARCH 

Roland A. Wank Lawrence L. Durisch 

URBAN COMMUNITY RELATIONS RECREATION AND PUBLIC GROUNDS 
Raymond F. Leonard Carroll A. Towne 


HEALTH AND SAFETY 


E, L. Bishop, Director 
O. M. Derryberry, Assistant to the Director 


EASTERN DIVISION SANITATION 

M. F. Langston W. G- Stromquist 

Project Medical Officer SERVICE UNITS 

L. E. Fraser, until H. B. Watson 

November 1943 
S. H. Freas, after 
November 1943 


WESTERN DIVISION 
S. F. Strain 
SAFETY 
H. H. Hayes 

Project OonstrucUon 
Safety Officer 
Lamar W. Griffith 
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COMMERCE 

Jolan P. Ferris, Director 
PI. P. Emerson, Assistant to tlie Director 
W. H. Vaughan, Technical Assistant to the Director 

C, T. Barker A. D. Spottswood, until December 1943 

G. J. Hurd R. B. Taylor 

RESERVOIR PROPERTY MANAGEMENT 

Louis N. Allen, Director 
J. Ed Campbell, Assistant 

AREA PROPERTIES MANAGER EAMILY REMOVAL 

Herbert E. Hudson Dorothy G. Barber 

W. R. West 


RETIREMENT SYSTEM OF THE TENNESSEE VALLEY AUTHORITY 

(Reproduced in Technical Report No. 6, The Chickaruauga Project.) 

EMPLOYEE RELATIONSHIP POLICY 
f Reproduced in Technical Report No. G, The Ohickamaiiga Project) 


794091 — 49 — 



Table 48. — Labor classifications and hourly rates of pay 
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1 Based on rates of trade supervised, with $0.25 diflerential. 



Table 48 . — Labor classifications and hourly rates of pay - — Continued 
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Appendix E 

MAJOR PURCHASES 

Table 49. Major purchases oj material and equipment 


ARCHITECTURAL 


Millwork 

Lumber 

Millwork 

Steel sash 

Doors, frames, hardware, 
and accessories. 

Steel railings, coping, and 
wall base plates. 

Steel louvers and vent grilles. 
Steel stairs and railings. 

Service cabinets 

Paint and paint materials.. 

Do 

Nonload bearing tile 

Concrete building bricks... 
Furring and lathing mate- ' 
rial. 

Movable steel partitions. .. 
Glazed wall tile and marble. 

Acoustical tile 

Roofing and flashing 

Paint and paint materials.. 
Kitchen equipment 


Rhyne Lumber Co. 

Cleo Burchfield 

Southern Manufacturing Co 

Truscon Steel Co 

Superior Steel & Trim Co. 


Kerrigan Iron Works. . 


..do.. 


..do.. 


Reliance Art Metal Co 

Gilman Paint & Varnish Co. 

Inemec Co 

Chandler & Co 

Southern Cast Stone Co 

Chandler & Co 


Feb. 10,1942 
Mar. 31,1942 
Apr. 7, 1942 


May 20,1942 
Jun 19,1942 
July 3,1942 


Glass and glazing 

Quarry tile floors and bases. 
Terrazzo floor, furnish and 
install. 

Linoleum 

Vacuum cleaner 

Tempered glass kick plates. 

ELECTRICAL 


E. F. Houserman 

1. A. Wild 

Len Herndon Co 

Tennessee Roofing Co 

Gilmmi Paint & Varnish Co. 
General Electric Supply 
Corp. 

Blnswanger & Co. 

The Art Mosaic & Tile Co.. 


Clemons Bros. Co 

The Spencer Turbine Co.... 
Toledo Plate & Window 
Glass Co, 


July 21,1942 

do 

July 27,1942 

July 28,1942 
Sept. 3,1942 
Sept. 23,1942 
Oct. 6,1942 
Oct. 10,1942 
Oct. 15,1942 

Dec. 2,1942 
Dec. 7,1942 
Dec. 10,1942 

Jan. 8,1943 
Jan. 11,1943 
Apr. 7,1943 


Graybar Electric Co.. 


Electrical supplies 

Transite conduit 

Main transformers and re- 


Generators 

Fiber conduit and fittings- 


Feb. 5,1942 
Feb. 7,1942 
Feb. 9,1942 


Oil circuit breaker.... 

Rigid steel conduit and 
fittings. 

Indoor and outdoor discon- 
nect combination. 

Indoor disooimect switches. 

Main auxiliary power 
switchboard. 

161-kilotolt disconnect 


do 

Line Material Co 

Brown Wood Preserving Co. 

General Electric Go 

Graybar Electric Co 

General Electric Co 


Feb. 11,1942 

do 

Feb. 12,1942 
do 


Recorders . 

Lighting fixtures and tele- 
phone boxes. 

15-kilovolt indoor switch 
gear. 

Auxiliary power switch- 


Electric Power Equipment 
Corp. 

Leeds & Northrup Oo 

General Electric Supply Ooip. 

Allis-Chalmers Manufactur- 
ing Oo. 

General Electric Supply Coip. 
American Steel & Wire Oo. 


$2,273.49 

1,873.40 

1,369.32 

3,976,00 

18.896.00 

3.198.00 

1.190.00 

2.128.00 
671.50 

1,973.80 

837.76 

4,012.11 

2.276.00 

1.685.00 


1.207.00 

2.087.00 

2. 540.00 

1.476.00 
754.33 

3,173.73 


2,845.65 

754.63 

798.84 


5,417.90 

985.12 

2,913.00 

16,154.00 


30,589.00 

13,613.66 

69,349.72 


Douglas dam site. 


Do. 


Do. 

Do. 

Do. 

Douglas. 

Ewing. 

Do. 

Do. 

Do. 

Do. 

Douglas. 

Do. 

Sevierville. 

Ewing. 


Douglas dam site 
and Jefferson 
City. 

Douglas Dam. 
Do. 

Do. 

Sevierville. 

Do. 

Erected. 
Sevierville. 
Jefferson City. 
Sevierville. 

Do. 

Do. 


Do. 

Do. 
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Table 49. — Major purchases of material and equipment— -Contmued 


ELECTRICAL— Con. 


Tclep^ifiiie and signal 
(.■qiiiprroiiT. 

OpiM-ai.iOTi recording and 
annunciator equipment. 
I.-’ch+nTp: 


oiator battery. 
lei-kOcvolt oil circuit 
breakers. 

Motor control equipment- 


simplex Wire & Cable Co.-. 

Moloney Electric Co 

Allis-Cbalniors Manafacrur- 
ing Co. 

American Automatic Elec- 
tric Sales. 

Autocall Co 


Feb. 20,1942 

do 

Feb. 27,1942 


Junction boxes and conduit 


The Electric Storage Bat- 
tery Co. 

General Electric Co 


Mar. 3,1942 


Alien & Bradley Co 

General Electric Supply Corp. 
Graybar Electric Co 


Mar. 5,1942 


Cable 

Battery charging motor 
generator sets. 

Bii.s clam pis and ground 
connectors. 

Air conditioning switch- 
board. 

Transformer embankment 

.. . 

Main control switchboards. 

Carrier current equipment. 

Pedestal insulators 

Carrier current equip- 
ment. 

Motor control equipment... 

Ceiling outlet fixtures 

Lighting, heating, and 
power panelboards. 


Penn-tJnion Electric Corp.. 

General Electric Supply 
Corp. 

W estinghouso Electric 


Do... 

Do- 


mi fittings. 


T-npoM. Volr-'i A Co 

Chase l!rf.<- A ('oi::it r Co .. 
l>-.r ir'.-J- D'amc- Cot.!,.-"- C(:r:) 
Ci-;ie’-a: I'iicpr:;- Co ..... 



■1 Co 


Gineri 

Graybar Electric Co. 

Anemostat Corp. of America 
Graybar Electric Co. 


n-Xs Summerour & Devine 


devices. 

Telephone cables and term- 

Lighting fixtures and wiring I 


Rigid steel conduit 

Lighting fixtures series 
transformers. 

TransTnis.sior towers 

ri'ooci!' 


do 

do 

Mar. 24,1942 

do I 

Mar. 27, 1942 

do 

do 

Mar. 31,1942 
Apr. 9, 1942 
.\pr. 10,1942 


..do.. 


General Electric Supply Corp. 

Roden Electric Supply Co... 

do 

General Electric Co 


Dol. 


Bare and weatherproof cop- 
Ijer cable. 

M iscellaneous electrical ma- 
terials. 

Fire extinguishing equip- 
ment. 


Li-his-b Sirueiunil =i-ri Co.. 

Si.,)l;c.« KDciri-c Co 

Graybar Electric Co.- 

Nehring Electrical Works... 


Walter Kidde & Co__ 


Lighting panelboards 

Lamps 

Fire extinguishing equip- 


Tide Water Associated Oil 


Graybar Electric Co. . 
General Electric Go... 
Walter Kidde <fe Co... 


.July 22,1942 

do 

do 


July 27,1942 

July 30,1942 
Aug. 6,1942 

do 

Aug. 16,1942 

Aug. 27,1942 
Aug. 28,1942 


Nov. 6,1942 
Jan,' 8,1943 
July 11,1943 


$8, 477. 52 
3, 171. 00 
9, 843. 85 

8, 912. 00 
10, 822. 50 


4, 618. S5 
166, 474. 00 

879. 92 
516.75 
3,008.67 


3.570.30 
3, 864. 00 
1, 943. 94 

1. 995. 30 
3, 072. 02 
1, 030. 66 

.33,359.00 

20. 586. 00 
5, 737. SO 

14. 926. 00 


1,115,90 
3,365. 00 
764. 82 
1, 207. 03 


869. 76 
1, 209. 82 
730. 80 

5, 440. 00 
, 859. 29 
1, 041. 60 
8, 267. 43 

703. 45 

1, 210. 53 


713. 00 
904. 76 
578, 66 


Do. 
Do. , 
Do, 
Do. 


Ewing. 
Sevierville. ■ 
Ewing. 


Do. 

Sevierville. 
White Pine. 
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Table 49. — Major purchases of material and equipment — Continued 


Vendor 

Date of award 

Volunteer Portland Cement 
Co. 

Penn-Dixie Cement Corp... . 
American Steel & Wire Co— 
\rie-icar! Pr<iintor& Stand- 

Feb. — 1942 $1 

do 

Jan. 31,1942 
Feb. 2, 1942 

House-Hasson Hardware Co. . 
W. P. Brown & Sons Lum- 
ber Co. 

Burke & Hodges Lumber Co 

do 

Feb. 3, 1942 

do 

House-Hasson Hardware 
Co. 

Truitt Manufacturing Co... 
SevierviUe Lumber & 
Manufacturing Co. 

Rhyne Lumber Co 

do 

do 

Feb. 4,1942 

do- 

Co. 

Cleo Burchfield 

W. P. Brown & Sons Lum- 
ber Co. 

W. A. Belcher Lumber Co.. 

Feb. 5,1942 
do 

do 

W. P. Brown & Sons Lum- 
ber Co. 

SevierviUe Lumber & Manu- 
facturing Co. 

Mount Vernon Bridge Co... 
Chicago Bridge &. Iron Co... 
Keystone Wire & Steel Co... 

do 

do - 

Feb. 6, 1942 

do 

Feb. 7, 1942 

Wheeling Steel Corp 

Feb. 9, 1942 
do 

Continental Steel Corp 

KnoxviUc Sangravl Material 

Feb. 10,1942 
do 

Co. 

, Wisconsin Bridge & Iron 
Co. 

. A. Lesehen & Sons Rope Co . 
. American Limestone Co 

Feb. 11,1942 

do 

Feb. 12,1942 

Whitehead & Kales Co 

"I-do-”"" 

. Brooks Equipment Co. .... . 

, Webster Manufacturing Co. 

. Lakeside Bridge & Steel. 

Bethlehem Steel Co 

Feb. 13,1942 

do 

Feb. 17,1942 
do 

. W. E. Comstock.. 

do 

. Burke & Hodges Lumber 
Co- 

Wheeler Steel Corp 

.. Schultz Traders, Tnc 

Krioxvdlc- Saiii.rav; AlanTia! 
Co. 

.. Southern Wood Preserving 
Co. 

. . Treadwell Construction Co.. 
W. P. Brown & Sons Lum- 
ber Co. 

.. Steel^Chy^uiiAeir Co..„ — 

Feb. 18,1942 

do 

I Feb. 19,1942 

do — 

, Feb. 20,1942 
do 

do 

.. Attotic States Lumber Oo— 
.. Oliver King Sand & Lime 
Co.. 

Dant & KussoU, Inc.. 

! ""IdoIIIIIIII 

Feb. 23,1942 

(In .. 

.. Tennessee Products Corp... 

. . Crawford & Slj ton 

.. Bethlehem Steel Co 

_ Arthur J. O’Leary Soii«-. 
Wilson - Weesner * Wilkin- 

. Feb. 24,1942 

do 

. Feb. 25,1942 
do_ 

son Oo. 

A .T O^TjAary ^ Rmi 

rin 

I Amfflican Limestone Oo — 
.. A. Lesehen & Sons Rope Co. 

, Feb. 26,1942 
do 

.. American Steel & Wire Co.. 
.. Birmingham Bail <fe Loco- 
motive Oo. 

.. Weir Kilby Corp 

do 

Feb. 27,1942 

do - . 


STRUCTURAL 


Aggregate.. 
Steel pipe.. 
Lumber — 


Penstock liners 

Nails 

Lumber 

Steel sheets 

Copper water seals.. 
Nalls... 


Tunnel gate frames 

Wire rope 

Crushed stone 

Wire spikes 

Gate anchorages 

Tractor and winch 

Power shovel 

Kraft tube gate guides... 
Trashracks and guides.. 
Lumber 


Do.. 


Cross and switch ties.. 


Crushed stone.. 


Porin lining.- 

Furnace slag. 

Sprinkler system 

Intake gate guides 

Trashracks and guides... 
Tyloops 


Anchor bolt assemblies... 

Aggregate 

Wire rope 


Bolts, washers, spikes, etc. 


3, 110. DO 
1,260.00 
1,387. 95 


24,356. 25 
941.36 
19, 587. 84 

3,447.76 

47.070.00 

72.510.00 
2,172.01 
9,913.31 
3, 931. 06 
4, 064. 64 
1,588.05 
1,040.00 


2, 121. 00 
900.00 
502. 34 

38.795.00 

6.296.00 
1,209.50 

8.451.00 

17.600.00 
8,510.41 
2, 466. 05 

1,716.04 


3.456.00 

7.700.00 

3. 740. 00 


3.330.00 

2.980.00 
1,457.40 


Douglas Dam. 

SevierviUe. 

Ewing. 

Jefferson City. 
Douglas Dam. 
Jclfensori City. 
SevierviUe. 
White Pine. 
SevierviUe. 

Do. 

Morristown. 
White Pine. 
Jefferson City. 
SevierviUe. 
Douglas Dam. 
SevierviUe. 


Do, 

Do. 


Do. 

Do. 

Jefferson City. 
SevierviUe. 


Rockwood. 
Douglas Dam. 
BeviervUle. 
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Table 49 . — Major purchases of material and equipment — Continued 


STRUCTURAL— Con . 


Nalls and spikes 

Structural steel and oper- 
ating bridge. 

Sluice liners 

Track trucks 


Steel wire 

Crushed stone 

River sand 

Pit run furnace slag.. 

Burlap bags 

Crushed stone 

Utility trailers 

Vibrators--. 


Do- 


Chicago Bridge & Iron Co.. 

"rooks Equi " . 

ufacturing — 

Laclede Steel Co 

American. Limestone Co 

O. B. Hodge.. 

Tennessee Products Corp. . 

Werthan Bag Corp 

T. K. Griffith 

Schultz Trailers, Inc 

Mall Tool Co 

Electric Tamper & Equip- 
ment Co. 

Viber Co 

The Interstate Pipe & Sup- 


Mar. 5,1942 
Mar. 1.1, 1942 
Mar. 16,1942 


Mar. 18, 1942 
Mar. 20, 1942 
Mar. 21, 1942 
do 


Do-, 


Cattle guards - 

Bin and batching equip- 
ment. 

Core drills and accessory 
equipment. 

Steel bearing pOes 

Crushed stone 

Drilling and testing 

Steel bearing piles 

Hacksaws 

Cm ffied stone . 

Ci'iicniior !!::■(:!: . .. 

G-lvuDi/od si:'U.-ii:r:.! s . 

Cast-iron crib forms 

Structural steel and mis- 
cellaneous accessories. 

Air hose 


Noland Co 

Fairbanks, Morse & Co.. 
Firm Equipment Co 


Co. 


Sullh-an Machinery Co 


hips.. 


Tax 

Lumber 

Aggregate 

Do 

Steel superstructure-. 

Air hose 


Do- 


Sheet metal bus housing. . . 


Do 


Pump.—. 

Structural steel 

Hoist chains. 

Suction hose 

Bituminous material 

Asphalt 


Grader belts 

Nails and spikes 

Steel superstructure for 
bridge. 


C3rnpgie-T!lir!0!S Steel Corp. 

Srjri'.viu- A lbT'W)<!ii. luc... 

i Corp. 

Dicd-.-rtrk Maebi-ury Co..., 

American Limestone Oo 

Connery Construction Co... 
Lehigh Structural Steel Co. 


do 

do 

Mar. 31, 1942 
Apr. 1,1942 
Apr. 3, 1942 

do 

do 

Apr. 4,1942 
Apr. 6,1942 
— do- 


Knoxville Belting & Supply 
Co. 

The Colonial Iron Works Co. 

American Limestone Co 

Gamble Construction Co.... 
Burke & Hodges Lumber 
Co. I 

American Limestone Co 


Apr. 7,.1942 


Apr. 11,1942 
Apr. 14,1942 
Apr. 15,1942 
do 


American Bridge Co.. 


Co. 

Finn Equipment Co 

Atlantic Slc-d Co 

Birmingham Slag Co 

The Kirk & Blum Manu- 
facturing Co. 

Boss Bolt & Nut Co 

Oliver Iron & Steel Corp 

Laclede Steel Co 

American Cyanamid & 
Chemical Corp. 

Finn Equipment Co 

Equipment Gorp. of America 

Rhyne Lumber Co 

Chatsworth Lumber Co 

W. A. Belcher Lumber Co.. 
W. P. Brown & Sons Lum- 
ber Co. 

Berkeley Pump Corp. 

Southern Steel W orks Co. . . 

S. G. Taylor Chain Co , 

Sllp-Not Belting Corp. 

Gamble Construction Co...' 
Burke & Hodges Lumber 
Oo. 

Knoxville Belting & Supply 
Co. 


Apr. 28,1942 

do 

do 


May 6,1942 

do 

do 

May 8,1942 

do 1 


3. 738. 00 

10. 250. 00 

6.750.00 

9. 240. 00 

20. 480. 00 

32.260.00 

23. 334. 00 
3,103.20 

11. 250.00 


4, 373. 49 
1,665. 95 
1,201.92 


4, 188. 85 


l,9i 


18.595.00 
572.56 

1,075.00 
3, 157. 50 

17.560.00 

18.490.00 
1,636.30 


1.720.00 

3.729.00 
4,027.23 

2, 940. 70 

1.700.00 
146,507.20 


2, 566. 60 
6,750.00 


2,100.00 
1, 789. 00 
8, OOO. 00 


722.26 
6,160.00 
72, 000. 00 


Morristown. 
Sevierville. 
•Douglas Dam. 
Rockwood. 
.Jefferson City, 
Douglas Dam. 
Near Dandridge. 
Jefferson City. 
Ludlngton, Mioh. 


Jefferson City. 
Sevierville. 
White Pine. 

Jefferson City. 

SeviervDle. 
White Pine. 
Job site. 

White Pine. 
Jeffarson City, 


Jefferson City. 
White Pine. 

Near Dandridge. 
Job site. 

White Pine. 
Newport. 

Job site, Lead- 
ville. 

Douglas Dam. 


Douglas Dam. 
Jefferson City. 
Ewing. 
Morristown. 

Detroit, Miob. 
Jefferson City. 
Douglas Dam. 
Ewing 
Do. 

Do. 

Knoxville. 
White Pine. 
Sevierville. 
White Pine. 
Douglas Dam. 
Ewing. 

Douglas Dam. 
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Table 49. — Major purchases of matericd and equipment — Continued 


STRUCTURAL— Con. 

Concrete treating com- 
pound. 

Bail - 


Generator stair and walk- 
way. 

Rail joints 

Bolts, spikes, and tie plates. 


Bail anchors 

Wire nails 

Fire alarm system... 


Solvents & Plastics Co _| May 18, 1942 

May 20, 1942 
May 22, 1942 


Coal.. 

Asbestos-cement cable tray. 

Tile and pipe — 

Bails and accessories 

Crushed stone 

Construction of highway... 
Lumber 


Construction of highway... 

Structural steel 

Concrete culvert pipe 

Pipe fittings 

Creosoted poles 


Black steel tub'r.g . . . . 

Structural s'.ce'. lioir;; 
rails. 

Pipe and fittings 


Lumber.. 


Aggregate 

Pipe and fittings 

Miscellaneous steel — 
Concrete culvert pipe. 

Crushed stone chips— 


Stone chips 

Crushed stone.. 

Interlocking 

Lumber 


Gravel 

Hand-railing, spillway in- 
take. 

Construction of highway.. . 

Furnace slag 

Structural steel, rivets, etc. 

Steam coal. - 

Structural steel rollers 


Precast concrete roof and 
deck slabs. 

Painting metal surfaces 

Pit run furnace 

Magnetic starters 

Burlap bags 

Pipe.. 




Tennessee Coal, Iron i 
Railroad Co. 

Roanoke Iron & Bridg 
Works. 

The Rail Joint Co 

Tennessee Coal, Iron < 
Railroad Co. 

American Fork & Hoe Co..., 

Wheeling Steel Corp 

American District Tele- 
graph Co. 

Southern Coal & Coke Co... 
Johns-Manvllle Sales Corp.. 
Sherman Concrete Pipe Co. 
Camegie-Illmois Steel Corp. 

American Limestone Co 

Oodell Construction Co 

W. P. Brown & Sons Lum- 
ber Co. 

Richard E. Martin 

Southern Steel Works Co. . . 
Sherman Concrete Pipe Co. 

Hajoca Coro 

Southern Wood Preserving 
Co. 


Stone chips and bituminous ' 
seal coat. 

Structural steel 


Coal tar pitch 

Stone chips 

Pipe railings, posts, ete-,-,- 


American Radiator & Stand- 
ard Sanitary Corp. 

Burke & Hodges Lumber 
Co. 

American Limestone Co 

National Cast Iron Pipe Co 
Carolina Steel & Iron Co... 
Sherman Concrete Pipe Co. 
Gamble Construction Co — 
American Limestone Co... 


..do.-, 


Walters <fe Prater 

General Railway Sfenal Co.. 
W. P. Brown & Sons Lum- 
ber Co. 

Burke & Hodges Lumber 
Co. 


Co. , 

Clark, Kearney & Stark 

Tennessee’Copper Co ‘ 

Anthracite Bridge Co 

Southern Coal Co., Inc. 

Roanoke Iron & Bridge 
Works. , 

Southern Cast Stone Co 


Wailes-Dove Hermiston Co. 
Tennessee Products Corp . . . 
Graybar Electric Go., Inc... 
M. M. Bosworth & Co. ' 

The Tri-State Pipe Co 

American Limestone Co 

Wheeling Steel Corp... 
Eagle-Picher Bales Co.. 


do.III.... 

May 26, 1942 

May 27. 1942 

do 

May 28, 1942 

do 

May 29, 1942 
June 3, 1942 
do 

June 4, 1942 
June 6, 1942 

do. 

June 9, 1942 
do 


June 11,1942 

June 12,1942 

do 

June 17,1942 
June 18,1942 
Juno 19,1942 
do 


Burke & Holies Lumber 
Co. 

American Limestone Oo 

Carohna Steel & Iron Co — 
Gamble Construction Oo... 
BeUJy Tar & Chemical Oorp. 

American Limestone Oo 

Atjas Pipe Railing Oo., Ine.. 


July 6.1942 , 

do ' 

July 11,1942 
July 17,1942 

July 21,1942 

July 22,1942 

do 

do 

July 24,1942 
July 25,1942 
July 27,1942 
July 30,1942 
Aug. 6,1942 

Aug. 7,1942 
Aug. 13,1942 


62,078.26 

2,055.00 


3. 434. 00 
1,838.30 
2,701.80 

3. 193. 00 
■ 16,200.00 

149.315.00 

3.939.00 

286.330.00 

4.865.00 
10,850.00 

887.13 
2, 184. 92 


3,273.26 

1,943.85 

1.970. 00 
1,565.38 

9.119.00 
30, 917. 20 


860, 00 
47, 000. 00 
10,200.00 


151,330. 00 

2. 700. 00 
6, 517. 00 
4, 060. 00 

1, 733. 00 

12.465.00 

22.398.00 

3. 465. 00 
867.72 

12, 046. 00 

8.240.00 

12.340.00 

2, 621. 20 

2. 157. 00 

1. 235. 00 

3.264.00 

17.397.00 

8.169.00 

56.800.00 

2. 150. 00 
. 983.00 


Do. 

Ewing. 

Douglas Dam. 

Ewing. 

Do. 

Douglas Dam. 
Ewing. 

White Pine. 
Job site. 

White Pine. 

Job site. 

White Pine. 
Dandridge. 
Douglas Dam. 
White Pine. 


Ewing. 
White Pine. 


Do. 

Dandridge. 
Job site. 
Strawber 
Plains. 
White Pine. 
Nina. 

White Pine. 


Do. 


Job site. 
Copperhill. 
Newport. 
Ewing. 

White Pine. 

Douglas Dam. 

Installed. 
Rookwood. 
White Pine. 
Ewing. 


White Pine. 
SeviervOie. 

Newport. 
Job-site. 
Ewing. 
White Pine. 
Do. 
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Table 49 . — Major purchases of material and equipment — Continued 


Item 

Vendor 

Date of award 

Contract 

price 

F. 0. b. 

STRUCTURAL— Con. 






Carolina Steel <fe Iron Co — 

Aug. 24,1942 

$897.00 

Dandridge. 

Gravel and coarse aggre- 

Knoxville Sangravl Material 

Sept. 3,1942 

8,750.00 

White Pme. 

gates. 

Construction of super- 

Co. 

j Nashville Bridge Co 

1 Sept. 5,1942 

263,076.00 

Job site. 

tilt IXCtUx b. 

Metal plate guards and ap- 

Tuthill Spring Co 

Sept. 10, 1942 

8,492.00 

White Pine 

Pipe and pipe fittings 

American Radiator & Stand- 
ard Sanitary Corp. 

do - 

2,113.48 

Do. 

Chain link fence, barbed 

American Chain & Cable 

Sept. 15, 1942 

6, 159. 35 

Ewing. 

wire, and gates. 

Co. 

National Oast Iron Pipe Co. 

Sept. 18, 1942 

684.01 

White Pine. 


i U. S. Pipe & Foundry Co 

1 do 

18,508.70 

Do. 


American Limestone Co. .. 

Sept. 24, 1942 

2, 160.00 

Do. 



Sept. 25, 1942 

1, 672. 48 

Do. 

Shortleaf yellow pine 

W. P. Brown & Sons Lum- 

Oct. 9, 1942 

2,245.00 

Do. 


. berCo. 


4,777.50 

Do. 

Structural steel gage hoist 
^ rails. 

Tennessee Coal, Iron & Rail- 
road Co. 

Oct. 16,1942 

1,037.92 

Ewing. 


3.240.00 

6. 260. 00 


Do... 

kr.oxvMuSangir.vlMr.’c-ie: 

Co. 

American Limestone Co 

Nov. 25, 1942 

Do. 


Dec. 2,1942 

9, 650. 00 

Rankin. 


Columbus Pipe & Equip- 

Dec. 11,1942 

1,487.50 

Ewing. 

Spiral stairs and hatch 

ment Co. 

Birmingham Ornamental 

Jan. 22,1943 

686.00 

Do. 

covers. 

Co. 




MECHANICAL 







Feb. 3,1942 

4, 137, 66 





2, 762. 74 

Douglas Dam. 

Do. 


Supply Co. 

House-Hasson Hardware Co. 
Yourg A Vann Snpn’y Co . 

Feb. 4,1942 

521. 56 

Do 

' do 

764. 18 

Do. 

Bits and accessories 

.-:il!iv,r; M -icbhiciy'Co. . . 

’ Feb. 5,1942 

5, 135. 55 

Jefferson City. 

Pipe fittings 

N<>la;i..i C o.. I-c . . 

Feb. 6, 1942 

643.29 

Douglas Dam, 

Bolts and nuts. 

Hc.-< l?o;i A- N;ii Co . . . . ^ 

^ Feb. 7, 1942 

1, 670. 08 

Do. 

Conveyor drives 

l.ink-n.:!: Cr. 

Feb. 9, 1942 

5,957.56 

Seviervlllo. 

Slide gates 

'T'rn.vAli'ng' gntlA hnisfs 

liiirdU-Tv-us .\i:a:!uO(:i'ir- 

do 

335, 200.00 

Do. 

ing Co. 

Philips & Davies _ 

do 

95, 000. 00 

1, 827. 00 

Do. 

'T'win 

Eliott Co 

do 

Do. 

on Durlflers 

DeLaval Separator Co 

Feb. 10,1942 
do 

7,095.00 

Do. 

Gas engine generator 

Buffalo Gasoline Motor Co.. 

9, 678. 00 

Do. 

Draft tube gates 

Worden-Alien Co 

Feb. 11,1942 

7, 787. 00 

Do. 

Plumbing materials 

American Radiator & 

do 

2,041.87 

Jeflerson City. 

Radial gates 

Standard Sanitary Coro. 
Lakeside Bridge & Steel Co.. 

Feb. 13,1942 

158, 620. 00 

Sevierville. 

Intake gat© hoists and 

do - 

do 

59, 760. 00 

Do. 

parts. 

OmriP, .... 

do 

do 

224,895.00 

Do.. 

Sluice gats oil system 

Quimby Pump Co 

Feb. 16,1942 

2, 624. 00 

Do. 

pumps. 

steel tanks 

Chattanooga Boiler & Tank 
Co. 

W. S. Murrian Co . 

Feb. 17,1942 

6, 474. 46 

Do. 

Machine shop equipment. . 

Feb. 18,1942 

12,791.11 

Do. 

Turbines and governors — 

Woodward Governor Co 

Feb. 19,1942 

79, 880. 00 

Do. 

Do 

S. Morgan Rmith On. 

do 

907, 800. 00 

Do. 

Intak© gfl.tpR 

Philins Davifts 

do 

99.999.00 

2, 994. 08 

25.300.00 

Do. 

station drain pumps 

Peerless Pump Division 

Philips & Davies 

do 

Do. 

Spillway gate dogging de- 

do 

Do. 

vices. 







...... do... 

852.00 

Do. 

lin ^ ^ - -- 

0. D. Genter Co 

do.. ... 

.moo 

Douglas Dam. 
Sevierville. 

Machine shop equipment.. 

Noland Co 

Feb. 21, 1942 

1, 049. 00 

Do... 

Bryant Machinery & En- 
gmeering Co. 

Ingersoll-Rand Co. 

do 1 

3,820.00 

Do. 

Pumning units 

Feb. 24, 1942 ' 
do 

705.20 

Jefferson City. 

Air compressors 

Sullivan Machinery Co 

4, 136. 00 

Sevierville. 

Conveyor brush outfits 

Robbins Conveying Belt Co. 

Feb. 26,1942 

926.00 

Do. 

Conveyor machinery 

Webster Manufecturing Co. 

do 

12, 079.88 

Do. 

Conveyor belting 

Boston Woven Hose & Rub- 

do 

14, 962. 67 

Do. 

Heating, ventilating, and 

ber Co. 

American Air Filter Co 

Mar. 2,1942 

787. 60 

Do. 

air conditioning, 
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Table 49 . — Major purchases of material and equipment — Continued 


M ECH ANIC A L— Con . 

Valves, fittings, pipe and 
accessories 

Fans for heating and ven- 
tilating. 

Bushing stock 

Pipe, valves, and fittings--. 

Plumbing fixtures and 
pump. 

Valves, fittings, pipe, and 


Do- 

Do.. 


Plumbing fixtures 

Structural steel 

Cooling coils 

Fans for heating and v 
tilating. 

Pipe 


Do.. 


Do.. 

Do.. 


Dragline and bucket.. 
Centrifugal pumps — 
Automatic elevator. . . 


Water cooling system 

Electric 'air heaters and 
auxiliary equipment. 


Do.. 


Arc w'elding machines 

Insulating materials 

Welding machines 

Lifting chains for intake 
and gates. 

Steel 

Pipe fittings 


Tennessee Metal Culvert 
Go. 

Leinart Engineering Co 


Service bay crane 

Chains for draft tube gates. 
Valves, fittings, pipe, and 


Thos. F, Seitztnger’s Sons 

American Padiator & Stand- 
ard Sanitary Corp. 

do 

Tennessee Metal Culvert Co. 

U. S. Pipe & Foundry Co... 

Crane Co 

Qriimell Co 

Fowler Bros. Co.. 

Worden- Allen Co 

American Blower Co 

The New York Blower Co.. 

Inter-State Foundry &. Ma- 
chine Co. 

Naylor Pipe Co 

American Radiator & Stand- 
ard Sanitary Corp. 
American Cast Iron Pipe Co. 
Merco Nordstrom Valve Co. 

Crane Co 

Chapman Valve Manufac- 
turing Co. . 

Leinart Engineering Co 

Wilson-Weesner-wiMnson 

Co. 

Allis-Chalmers Manufactur- 
ing Co. 

Warner Elevator Manuiac.- 
turlng Co. 

Alrtemp Construction Co... 
Electric Air Heater Co 

Wesix Electric Heater Co... 
Worthington Pump & Ma- 
ehiuery Corp. 

American Oast Iron Pipe Co, 

do — — 

Noland Co 

Crane Co 

American Radiator & Stand- 
ard Sanitary Corp. 

General Electric Co 

Johns-ManvDle Sales Corp., 
The Lincoln Electric Co.... 
Baldt Anchor, Chain & 
Forge Co. 

C. M. MoClung & Co 

American Radiator & Stand- 
ard Sanitary Corp. 
Chicago Tramrafl Co. 


Noland Co... 


Guard and dampers, access 
doors. 

Timber 

Valves, fittings, pipe, and 


Valves, fittings, pipe, and 


Mar. 3,1942 
Mar. 5,1942 


do 

do 


American Radiator & Stand- 
ard Sanitary Corp. 

Electric Arc, Inc 

Atlas Car <fe Manufacturing 


National Cast Iron Pipe Co. 


Mar. 13, 1942 
Mar. 18,1942 


....do.. 

....do 

do 


Mar. 20, 1942 
Mar. 23. 1942 


Apr. 8,1942 
Apr. 10,1942 
Apr. 13,1942 
Apr. 20.1942 


May 5,1942 
May 6,1942 
May 23,1942 


$1,125.86 
1, OSS. 25 

3, 427.20 
7,499.33 

1. 119. 52 
1,866.78 

1,479.04 
1,843.28 
1,439.86 
637,60 
8, 118. 00 
841. 50 
4,787.36 

1,878.00 

1,326.30 
801. 19 

3, 2S3. 81 

1.946. 52 
1, 653. 02 
1, 713. 76 


2.768.00 

16.726.00 


3, 673.00 
2,771.08 
1, 135.91 
15, 614.40 


Jeflcerson City 
Do. 

Douglas Dam, 


Douglas Dam. 
Seviervflle. 
Douglas Dam. 
SeviervUle. 


2,485.00 Dandridge. 
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Table 4:9.— -Major purchases of material ccnd eguipmefiJ— Continued 


Item 

Vendor 

Date of award 

Contract 

price 

F. 0. b. 

MECHANICAL-Con. 

Valves, fittings, pipe, end 

National Oast Iron Pipe Co. 

June 26, 1942 

$977.27 

Dandridge. 

accessories, 

Lubricating oil 

Pipe insulation i 

Control equipment 

The Texas Co 

Armor Insulating Co 

Leinart Engineering Co 

July 13,1942 
July 23,1942 
Aug. 17,1942 
Sept. 26, 1942 

3,188.00 

1,791.83 

652.63 

Ewing. 

Do, 

Do, 

Valves, fittings, pipe, and 

Hajoea Oorp 

654.93 

Dandridge. 

accessories. 

Do 

American Cast Iron Pipe Co. 
Tennessee Mill & Mine 

1 

do 

1,665.30 

805.06 

Do. 

Machine shop equipment.. 

Oct. 5,1942 

Do 

Supply Co. 

C. M. McClung & Co 

Oct. 13,1942 
Jan. 28,1943 
Apr. 2,1943 

3> 

605.57 


Instruction tags — - 

George J, Mayer Co, 

1,522.00 

1,661.82 

Ewing. 

Do. 

Pumping unit 

Peerless Pump Division 



Appendix F 

CONSTRUCTION EQUIPMENT 

Table 50 . — Classification of construaion equipment 


Equipment 

Num- 
ber of 
units 

Sise or capacity 

Model 

Power 

Ap- 

proxi- 

mate 

total 

cost 

new 

HAULING CLASSIFICATION 

Locomotives : 

1 

2 

1 

2 

2 

3 

3 
26 

2 

8 

2 

15 

4 

15 

4 

4 

4 

9 

12 

6 

5 

1 

1 

1 

3 

1 

2 

3 

1 

1 

1 

1 

1 

7 

10 

1 

6 

16 

18 

2 

1 

20 

8 


0-3-0 

Steam 

$8,000 

8,000 

5.650 
18, 800 

9,400 

39.400 

22, 000 
180, 000 
6,180 

58.800 

5.200 

175.000 

46.800 
153, 700 

22,000 

46.200 
19, 300 

103. 000 

118.800 
62, 500 

5.000 
1,660 
3,890 

1.900 

6.900 

1.900 

2,100 

3,150 

2.650 

2.500 

580 

4,3p0 

6,600 

37.400 

60.000 

1,000 

6.500 
1,600 

27,000 

14.200 
4,300 

8,000 

3.500 
4,000 







Diesel 



JLB-18- 

Gas 

Gas elec- 
tric. 

Diesel elec- 
tric. 

Diesel 



DLE-8 



IGB-733 

Tractors: 


HD-14 



D-8 

Do.» 

25 horsepower 

D-2 

PDL 

TD-6 

do 

do.... 

do 

Cleveland 


Trao trucks: 


F-grDT.— . 

do 

do 







Truolcs, dump; 


65 




WD-60 




\VA-34 

Gas 



5FD 




D99S 




HCS-297 

do 

Trucks, stake: 

Chovrokt 

l..'itnns .. . 


Gas 


3 tons 

21BHS 

do 

Whi'to 

do_ 

■Winch and 

do 



derrick. 
D-50 

do 



AC704 

do 

t 


20K 

do 

Trucks; 


V-8 

...do 

(TM'c''('miYpli 3 

do - 

AC-402 

00-402 

00-402 

...do 

...do....... 

...do 

inOrn (fnfti tn.TiV) i 




Truck trailers: 


P-7 



40 tons 

D-AO 




Vfitnns - -- 

D-7S 


Crawler wagons: 

16 cubic yards 

FC-31 


Atb^.. . 

^0 .. . 

FC-31 


Car, railroad, flat: 

50 tons 




40 tons 







Wagons: JjumDor, uwensDoro--- — 

AIR AND DRILLING CLASSI- 
FICATION 


12 

Gas... — 

Diarnond coro drills: Sullivan 

Shot core drills: 

36 inches 

WF-3 

...do... — 
Electric. 

Air 

^^0 ^ ' 


■WS-3 

Drills, rock: 

1 Ry fi 

X71 

lugorsoU-Hand) drifters- 


, 70 

...do... — 

OliicBgo PnBuiuatiC; dnftors------ 

„_do - 

D99 

...do..: 

Garduor-Donvcr, dnftors- 

Ingersoll-Band, jackhammer 

Gardner-Denver, jackhammer — 

16 

38 


S49 

...do.-^-... 

3,200 

7,600 


. S55 

. ...do..i.... 


See footnotes at end of table. 
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THE DOUGLAS PBOJECT 


Table SO.— Classification of construction equipment — Continued 


Ap- 

proxi- 

mate 

total 


Drills, portatle: 

Chicago Pneumatic... 

Thor.... 

Ingersoil-Rand 

ThorL 

Air hoists: 

Qardner-Denver s 


Do.. 


Ingersoll-Rand 

Grinders, portable: 

Ingersoil-Rand-- 

Chicago 

Ingersoll-Rand 

Paving breakers: 

Gardner-Denver 

Ingersoll-Rand 

Clay diggers: Ingersoll-Rand 

Rivet hammers: 

Chicago Pneumatic 

Ingersoll-Rand 

Backfill tampers: Ingersoll-Rand.. 
Impact wrenches: 

Chicago Pneumatic i 

Ingersoll-Rand 


Do.. 


(Jhicago Pneumatic 

Thor 1 

Ingersoll-Rand i 

Compressors, stationary: 


Chicago Pneumatic... 


Ingersoll-Rand - . 

Worthington 

Ingersoll-Rand.. 


Air receivers: 

Ingersoll-Rand 

Pennsylvania 

Chattanooga Boiler... 
Pennsylvania 


EXCAVATING, SURFACING, 
AND GRADING CLASSIFI- 
CATION 

Ditcher, Parsons (rented 1 month) . . 
Roller, sheepsfoot: 

TVA shopmade 

Euclid 

LeTourneau 

Scrapers, LeTourneau 

Shovels, crane: 


Lima ’ 

Northwest ... 

Lorain... 

Bucyms-Erie 

Lorain 1 

Osgood (rented).. 
Graders, elevating: 

Adams ^ 

Caterpillar i 

Grader, Autopatrol: 

Adams, 

Caterpillar ' 


See footnotes at end of table. 


1)4 inches.. 

do 

2 inches 


5 inohes... 

6 inches. - 
8 inches.. 


1)4 by 6 inches- 

do - 

5 inches.. 

Die Inches 


..do... 


)4 to )4 inch.. 
1)4 inches..,., 
1 j4 inches 


2 by 2)4 inches.. 


3,000 cubic feet per 


160 cubic feet per min- 


WN-4 

VCO-4B.- 


3 by 8 feet 

3)4 by 10 feet... 

4 by 10 feet 

5)4 by 30 feet... 


HM... 

HM... 

VM... 

HM... 


12 cubic yards... 

)4 cubic yard 

1)4 cubic yards... 
1)4 cubic yards. - 
154 cubic yards.. 
2 cubic yards 


..do... 


ii cubic yard... 


LP-12.., 

K-12..-. 


-do... 


K-600 1 


Gas 

Diesel... 

L..do — 
' ..do...., 
.-do 


Gas 

Diesel... 
...do 


4,200 
900 
1, 900 


6,000 
1,700 
33, 600 


17„600 
30, 700 
31,800 
56, 600 
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Table 50 . — Classification of construction equipment — Continued 


EXCAVATING, SURFACING, 
AND GRADING CLASSIFI- 
CATION— C ontinue d 


B]aw-ICnox i_ 

Owen > 

Williams.. 
Erie 


Williams 

Buclrets, dragline: 

Insley i 

Hendrix i 

Williams 

Erie 

Buoyrus-Eric 

Scarifiers, LeTourneau.. 
Tar heaters: 

Littleford 

Standard steel 

Disc harrows; 

Rome 

Athens 


HOISTING CLASSIFICATION 

Cranes, gantry: 

American.,- 

Clyde 

Dravo 

Locomotives; 

American 

Industrial Brownhoist ^ 

Crane, car: 

Silent hoist 

LeTourneau (tractor) 

Derrich, stiffieg, Bedford » 

Hoist; 

American (60 horsepower) * 

National (60 horsepower) » 

American (60 horsepower) 8 

Clyde (54 horsepower) 

Construction Machinery Com- 
pany (40 horsepower). 

LIdgerwood (72 horsepower) s 

American (40 horsepower) 


Pile hammers: McKlernan-Torry 

Pi:rir)5. force: 

Nevo, 2.1 gallons per minute at 
175 pounds. 


Gould, 25 gallons per minute at 
100 pounds. ' 

Pumps, centrifugal: 

American, 7,000 gallons per min- 
ute at 100-foot head s. 

American Marsh, 6,000 gallons per 
minute at 50-foot head. 
Allis-Chalmers, 1,300 gallons per 
minute at 20-foot head. 
Allis-Chalmers, 2.300 mllor.s per 
miniioe a; 200-fo:’-r .’li.-.id. 
.tllis-Chahiiers. 2.25-1 .(u!lo::s per 
minute ill MO-ioor 
.V!li=-C!;;!l:n(rs. O-Oti;. g«ii:o::s per 
irrnuie l-.i 2i0-rooi !’...:e.d.. 
Aili'-C!'.ii!:':i'.T.«. l.'Kif' gallons per 
minute at 60-fo6t bead. 
Byron-Iaekson, 4,000 gallons per 
minute at 60-foot head. 


Do.. 


Bee footnotes at end of table. 
794091 — 49 28 


a cubic yard 

11^ cubic yards.. 
1 cubic yard 


2)4 tons.. 
10 tons... 
20 tons... 


1,600 pounds. . 
3 by 4 inches.. 


..do.., 


14 by 14 inches. -- 
12 by 12 inches.. . 

6 by 6 inches 

gbySinches... -| 

do 


10 by 8 inches 

12 by 12 inches 

12 by 10 inches 

12 by 12 inches 


Dtr-672.. 

Dir-672.. 


14-DS-MB 
HLM 


—do 

VC-S-SE.— 1— do 


Electric,. 
L.do 


..do 

..do 


2,660 
2 ’750 
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Tabi.e 50. — Classification oj construction equipment — Continued 


|Num- 

berof 

units 


Ap- 

proxi- 

mate 

total 


16 by 16 inches. - 
12 by 10 inches.. 
do 


18 by 18 inches.. 
10 by 10 inches. . 
14 by 12 inches.. 
20 by 18 inches. . 
do 


..do... 


AX-22..-. 
A-25 


minute at SO-foot head. 

Cameron, 4,200 gallons per minute 
at 275-foot head.* 

Cameron, 4,000 gallons per minute 
at 138-foot head.* 

Chicago, 18,000 gallons per minute 
at 90-foot head.® 

Dayton-Dowd, 4,800 gallons per 
minute at 38-foot head .2 
Dayton-Dowd, 4,800 gallons per 
minute at 60-foot head.® 

Dayton-Dowd, 7,500 gallons per 
minute at 80-foot head.® 

Dayton-Dowd, 9,000 gallons per 
minute at 60-foot head.® 

Dayton-Dowd, 9,200 gallons per 
minute at 80-foot head.® 

Falrbanhs-Morse, l,490 gallons 
per minute at 12S-foot head. 
fairbanis-Morse, 5,000 gallons 
per minute at 60-foot head. 

Gould, 2,500 gallons per minute 
at 110-foot head.i 

Morris (sand) 

Morris, 3,000 gallons per minute 
at 120-foot head. 

Morris, 6,000 gallons per minute 
at 60-foot head. 

Peerless, 1,450 gallons per minute 
at 400-foot head. 

Pomona, 150 gallons per minute at 
400-toot head. 

"Worthington, 1,480 gallons per 
minute at 140-foot head. 

(There were about 20 additional smaller pumps used on this project.) 


VC-SSI.... 

ALV 

AFVS 

HBBDLO.. 

VC-SSI...... 

CS-SP 


6 by 6 inches 

16 by 14 inches.. 
8 by 8 inches 


VC-S-SI.. 

3601 

7X7 


14 by 12 inches.. 
10 by 10 inches.. 

6 inches 

10 by 10 inches.. 


VC-SSI... 

VC-IOSI,. 

XLC 

VC-2SI... 


Cement pump: Fuller-Kenyon., 

Cement shovel: Webster 

Cement silo: Stupp Bros 

Concrete buckets: 

Heltzel 1 ... 

Johnson 


Do.V 


Concrete mixers, portable: 

Kwik-Mix 

Construction Machinery Co... 


Gardner-Denver... 


Vibrators, concrete: 

Mall and Tiber 

Electric Tamper & Equipment 


Frequency converter: 

Westinghouse 

" il Electric... 


SHOP CLASSIFICATION 


Bender, 

Bender, bar, Kardong 

Bender, pipe, Watson-Stillman... 

See footnotes at end of table. 


6 Inches 


1 cubic yard 

2 cubic yards 

3 cubic yards 

4 cubic yards... 


1J4 and 1}^ inches 

inches 

04 to 4 inches 


Electric. 

...do 

—do..... 

-,-do 

...do 


Eleotrio- 

...do 

..do 

—do 


...do 

Gas 


..do 

...do 


...do 

...do 

Hydraulic. 


2,780 

1,700 

2,410 

2,400 

5,100 


76 

1,430 

10, 650 
12, 500 
1,440 


16, 260 

2,000 
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Ap- 

proxi- 

mate 

total 

cost 

new 


SHOP CLASSIFICATION— Con. 
Machine shop— Continued 

Bender, pipe, Greenlee 

Bender, brake, Dreis-Krump 

Bender, form, Hendley-Whitmore 

Cutter, bar, Royersford.. 

Cutter, bar, Beloit i 

Cutter, cable, Upson-Walton 

Drill press, radial, Desser 

Drill press, vertical, Cincinnati- 
Biokford. 

Drill press, vertical, Buffalo 

Drill press, vertical, Barnes 

Forges, Hauk 

Grinders, bench. Black & Decker. 

Grinders, bench, U, S..- 

Grinder, bench. Van Dorn., 

Grinders, pedestai, U. S 

Grinders, pedestal, Cincinnati 

Grinder, pedestal, Cincinnati »... 

Hamnoer, forging, Erie 

Lathe, Rahn 

Lathe, LeBlond 


Do.. 


Lathe, Rahn! 


Press, Manley 

Saws, hack, Marvel 

Saw, hack. Marvel.. 

Saws, hack, Kelley ‘ 

Shaper, Gould and Eberhardt 

Threader, bolt, Landis 

Threader, pipe, Beaver 

Threader, pipe, Landis 

Threader, pipe, Oster 

Threader, pipe, Toledo 

Carpenter shop: 

Lathe, Oliver 

Planer and matdier, Newman K.. 
Planer, Oliver 


Do.. 


Saw, band, Oliver 

Saw, cut-off and rip, Fay and 
Egan. 

Saw, combination, DeWalt 

Do I 

Saw, swing, Oliver 

Saws, portable, hand 

Garage: 

valve grinder, Sioux 

Valve grinder, Hall 

Pumps, gas dispensing, Wayne.. 
Pump, gas dispensing, Tokhelm. 
Pumps, gas dispensing, Blackmer 
Pump, gas dispensing. Bowser — 
MISCELLANEOUS CLASSIFI- 
CATION 

Paint spray, DeVllbiss 

Portable drills, various makes 

Masonry saw, Felker 

Boiler, Farquhar 

Boiler, Pennsylvania 

Boiler, Marion 

Tank, steel, water • 

Tanks, steel, gasoline 

Tanks, steel, oil 

Water cooler, York 

Water coolers, Frick. 

Welders, Lincoln. . 


Welders, General Electric,. 


Do.. 

Do.. 


1 to 3 inches... 

8 feet 

! do 

2 inches 


inches — 


4. 

CB-iil'. 


Electric... 

Manual... 

...do ' 

Electric..., 
...do 1 

.do... 


..do 

Oil 

Electric.. 


U-83 

10 

108 


,..do 

...do 

...do 


1,100 pounds 

18-inoh swing 

20-ineh swing 

19 inches/SS inches... 


24 

60 tons.. 

10 by 6 inches... 

8 by 6 inches 

10 by 10 inches.. 

24 inches 

H to IH inches.. 

2 inches 

2H inches 

1 inch 

2 Inches 


B17... 

HD... 

Gap.., 




-do... 


2 

10 

ADJ 

ADJ 

44A 

0-61-4... 
304B 


...do 

Hydraulic. 

Electric... 

...do 

...do 

...do 

...do 

...do.... 

..do 

..do 


12 inches 

14 by 6 inches. - 

16 inches 

24 Inches 

36 inches 

16 inches 


160 horsepower... 
60 horsepower... 

7.000 gallons 

12.000 gallons 

16.000 gSlons.... 


IIK 

Vertical.... 

Horizoatal- 


$128 

361 

1,002 


6, 718 
2,399 


1,532 
1, 146 
1, 112 


1,440 

2,150 

2,500 

3,600 

3,600 

4,900 


1 Purchased new at Douglas Dam. 

2 3 units purchased new at Douglas Dam, 

3 Purchased used at Douglas Dam. 


* 6 units purchased new at Douglas Dam. 

* 8 imits purchased new at Douglas Dam. 

* Second-hand tank purchased for Douglas Dam. 




■Appendix G- 

CONSTRUCTION DRAWINGS 

“Drawings for the Douglas Project” will be issued separately by the Tennessee 
Valley Authority as a technical monograph. This publication, when issued, will 
contain approximately 100 selected drawings and a list of all drawings prepared 
for the project. 

Bound volumes of drawings for several major projects may be obtained, when 
available, from the Treasurer of the Tennessee Valley Authority, Knoxville, Tenn. 

Technical monogTaph 


34. “Plans and Specifications for the Norris Dam” (1946) p.50 

41. “Drawings for the Pickwick Landing Project” (1948) 2.50 

50. “Drawings for the Chickamauga Project” (1948) 2.50 

56. “Drawings for the Nottely and Chatuge Projects” (1946) 1.00 

57. “Drawings for the Apalachia Project” (1947) 2.50 

58. “Drawings for the Ocoee No, 3 Project” (1947) 2.00 

59. ■“Drawings for the 'Watts Bar Steam Plant” (1948) 2.50 

60. “Drawings for the Cherokee Project” (1947) 2,50 

61. “Drawings for the Watts Bar Project” (1948) 2.50 
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xrnrxnsr 


A ^ ■ ■ Page 

Abutment: .,v 

excavation -v- 201 

foundation conditions J 198,200 

Abutment cavity: 

nortit 199 

south - — A 200 

A.bsorptive form lining 227 

Access— - - 133 

highways 133,135,304 

railroad 123,134,309 

bridge J 135 

roads 122, 123 

Access bridge 123, 135 

details of deck structure 137 

during construction 139 

excavation for crib foundation 138 

typical section 137 

Accessory electrical equipment 262 

Accident: 

chargeable injury experience 177 

frequency.. 177 

severity 177 

Accounting, cost 329 

Acknowledgments 355 

Acoustical tile 85 

Actuator cabinet. 88 

Administration building 181 

Aggregate 118,214 

concrete 119,214 

cost - 150 

contract 119 

contractor 119 

conveyor system 153 

crushing plant 148 

equipment 149 

cost 149 

purchase 149 

flow sheet 121 

handling cost 156 

main quarry 148 
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